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INTRODUCTION
The International Reference Group on Pollution of the Great Lakes
from Land Use Activities (PLUARG), was established by the International
Joint Commission (IJC) pursuant to the 1972 United States/Canada Great
Lakes Water Quality Agreement in order to investigate pollution of the
Great Lakes System from agriculture, forestry and other land use activities.
The objectives of the PLUARG study were:
0
to determine and evaluate the causes, extent, and locality of
pollution from land drainage
0
to gain an understanding of the relative importance of various
land uses in terms of their diffuse pollutant loads to the
Great Lakes;
0
to examine the effects of the diffuse pollutant loads on Great
Lakes Water Quality; and
o
to determine the most practicable remedial measures for decreasing
the diffuse pollutant loads and the esthnated costs of these
measures.
A great deal of information on the Great Lakes and data on nonpoint
source pollution were generated between 1973, the start of the study and
1978, when PLUARG submitted its final report to the Commission.
Since it was not possible to study the entire Great Lakes
Basin in
detail,
one
of the
major
problems
faced by
PLUARG was
the
extrapolation
of pollutant
loads
from
typical
land
uses
determined
from
studies
of
specific
watersheds
or
subwatersheds
to
the
entire
basin.
The
Reference
Group decided to rely on computer modelling techniques to provide a means
of assessing the relative
importance of nonpoint sources as compared to
other
sources
of pollutant
inputs
to
the
lakes.
In addition,
modelling
provided
an
estimate
of
lake—wide
pollutant
load
reductions
and
probable
costs
for
various
remedial
measures
or
control
strategies.
This
report
describes
an
approach
which
can
be
used
to
provide
a
"first-cut"
estimation
of
the
contributions
of various
land
use
activities
to
the measured
"diffuse"
tributary
loadings to
the Great
Lakes.‘
A more comprehensive data management base and "overview modelling"
process1
were
also
developed
to
assist
PLUARG
in
achieving
its
goal
of
determining the relative importance of all pollutant sources and
in
developing plans for pollution abatement
from land sources.
Overview
modelling
provided
a
means
of
comparing
pollutant
inputs
to
the
lakes
as
well
as
a
methodology
for
measuring
the
effectiveness
of
alternative
remedial
programs
applied
to
urban
nonpoint,
rural
nonpoint,
and
municipal
point
sources.
'
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 METHODOLOGY
DESCRIPTION
OF
"NONPOINT
CALCULATOR"
AND
INPUT
DATA
The
MRI
"Nonpoint
Calculator"
was
used
to
estimate
the
soil
loss
from
rural
and
urban
land
in
the
Great
Lakes
Basin.
The
Great
Lakes
Basin
was
divided
into
27
river
basin
groups,
15
in
the
United
States
and
12
in
the
Canadian
portion
of
the
basin
(Figure
l)
for
this
analysis.
The
measured
diffuse
tributary
loadings
reported
by
PLUARG
were
then
allocated
to
the
various
land
uses
in
proportion
to
their
soil
losses
as
computed
by
the
MRI
"Nonpoint
Calculator".
Soil
loss
from
both
urban
and
non—urban
areas
was
considered.
Other
pollutants
are
assumed
to
be
transported
along
with
sediment
in
the
solid
phase.
Soil
loss
for
non—urban
areas
is
estimated
using
the
Universal
Soil
Loss
Equation
(USLE)3
and
no
attempt
is
made
to
estimate
the
fraction
of
sediment
or
pollutants
actually
reaching
the
lakes.
Because
of
the
nature
of
the
USLE,
the
estimates
are
long—term
(on
the
order
of
20
years),
average,
annual
loads.
For
the
non—urban
areas
a
variety
of
land
uses
were
considered,
and
within
each
land
use,
a
number
of
land
capabilities
were
allowed.
The
actual
details
differ
for
the
U.S.
and
Canadian
calculations
because
of
differences
in
the
nature
of
the
data
bases
available.
The
details
of
the
calculations
are
described
below.
Generally,
the
U.S.
data
parameters
for
the
USLE
are
much
more
extensive
than
the
Canadian.
The
details
of
the
methodology
used
for
the
assessment
of
the
non—urban
areas
are
described
in
the
U.S.
Environmental
Protection
Agency
(EPA)
Report,
"Loading
Functions
for
the
Assessment
of
Water
Pollution
from
Nonpoint
Sources".l+
For
urban
areas
estimates
of
sediment
loads
are
based
on
an
assumed
I
loading
rate
per
curb
mile
and
on
an
estimate
of
the
number
of
urban
curb
miles
in
the
various
regions
considered.
Results
from
a
study
by
the
URS
Research
Company5
were
used
to
estimate
loading
rates.
A
solids
loading
rate
of
291
lb/curb
mile/day
(82
kg/curb
km/day)
was
used.
Curb
length
was
estEBated
using
the
expression
curb
length
=
413.11
-
352.66
(0.829)
(feet/acre)
where
PD
=
population
density
(acre—1).
The
urban
loads
are
crude
estimates
since
no
actual
loading
rates
for
the
areas
of
interest
are
available.
Also,
the
actual
sizes
of
the
urban
areas
are
somewhat
uncertain.
U
.
S
.
P
O
R
T
I
O
N
O
F
B
A
S
I
N
NON-URBAN AREAS
For
the
U.S.
side
of
the
lakes,
results
were
obtained
for
the
15
water
resource
subbasin
401
to
415.
To
obtain
these
results
counties
and
portions
of
counties
within
the
subbasin
were
aggregated
to
give
totals
for
the
subbasin.
The
fractional
counties
were
included
to
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allow adjustment
to
the
hydrological
boundaries
of
each
subbasin.
The
counties used
for each subbasin are listed in Table 1, along with the
fraction of each county contained
in each subbasin.
The USLE factors
and land use
information were developed utilizing a national data base
which MRI developed under EPA sponsorships.
The 16
land
uses,
Table
2,
and
29
land
capability classes
and subclasses
listed
in Table
3 were used.
With
the
exception of
land
use
"12",
these
are
standard
Conservation
Needs
Inventory
(CNI)
classifications7.
Land
use
"12"
is
"Federal
Forest";
this
category
requires
some
explanation.
The CNI data base does not account
for all land in a given county.
In
particular,
federally owned
landsand urban areas are not included.
In
a number
of
the
subbasins
there
is a considerable
discrepancy
between
the total
area
of
the
subbasin
and
the
total
CNI area.
Therefore,
a new
land use,
federal
forest,
was
included
to
account
for
the missing
non—
urban
area.
The
area
of
federal
forest
in
each
subbasin
was
assumed
to
be
equal
to
the
area
of
the
subbasin
minus
the
total
CNI
area
minus
the
urban
area
taken
from
the
PLUARG
Task
B studye.
If
this
area was
negative,
it
was
set
to
zero.
The
area
in
land
use
"12"
were
assumed
to
have
the
same
characteristics
as
CNI
commercial
forest.
That
is,
the
land
was
distributed
in
the
same
way
among
land
capability
classes
and
subclasses
as
is land
use
"15",
and
the
same
practice,
cover,
and
erodibility
factors were
used
for
land
use
"12” as
for
"15”.
Detailed
listings
of
the
USLE
parameters,
and
land
use
data
for
each subbasin are listed in Appendix A.
URBAN AREAS
Estimates
of
urban
areas
and
populations,
Table
4,
with
the
exception
of
subbasin
404,
are
from
the
PLUARG
Task
B
studye.
The
populations
are
the
nonfarm
populations
for
1970
from
the
same
sources.
For
subbasin
404
the
urban
area
was
approximated
by
the
drainage
area
of
the
subbasin
less
the
total
CNI
area.
The
population
was
assumed
to
be
the
PLUARG
Task
B
nonfarm
population
less
the
population
for
the
Chicago
SMSA,
which
does
not
drain
into
Lake
Michigan.
The
values
in
Table
4
were
used
to
determine
curb
lengths
for
the
various
subbasins
and
the
approach
outlined
above
was
then
used
to
estimate
urban,
non—point
loads.
CANADIAN PORTION OF BASIN
RURAL AND URBAN AREAS
Twelve
subbasins
were
considered
for
the
Canadian
side
of
the
basin
(Table
5)
labelled
501
to
512
and
shown
on
Figure
1.
Table
6
lists
the
land
uses
and
capability
classes
used
for
the
Canadian
calculations.
Factors
for
the
USLE
were
developed
by
the
IJC
Great
Lakes
Regional
Office
in
consultation
with
Dr.
G.
wall,
University
of
Guelph.
Land
use
infor~
mation
was
obtained
from
PLUARG
Task
Blo’g.
In
the
analysis
on
the
Canadian
side
of
the
Great
Lakes
only
7
land
uses
and
7
land
capability
classes
were
considered
for use
with
the
nonpoint
calculator,
whereas
on
the
U.S.
side
16
land
uses
and
29
land
capability
classes
were
used.
Thus
the
Canadian
data
are
not
as
finely
tuned
as
are
the
U.S.
data.
5
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100
.0
260
19
Ben
zie
MI
550
39
Fon
d D
u L
ac
WI
85.
0
260
29
Cha
rle
voi
x
MI
550
41
For
est
WI
100
.0
260
35
Cla
re
MI
550
47
Gre
en
Lak
e
WI
95.
0
260
41
Del
ta
MI
550
61
Kew
aun
ee
WI
100
.0
260
47
Emm
et
MI
550
67
Lan
gla
de
WI
60.
0
260
55
Gra
nd
MI
550
71
Man
ito
woc
WI
100
.0
Tra
ver
se
550
73
Mar
ath
on
WI
5.0
260
73
Isa
bel
la
MI
550
75
Mar
ine
tte
WI
100
.0
260
79
Kal
kas
ka
MI
550
77
Mar
que
tte
WI
100
.0
260
85
Lak
e
MI
550
78
Men
omi
nee
WI
100
.0
260
89
Lee
lan
au
MI
550
83
Oco
nto
WI
100
.0
260
95
Luc
e
MI
550
85
One
ida
WI
5.0
260
97
Mac
hin
ac
MI
550
87
Out
aga
mie
WI
100
.0
261
01
Man
ist
ee
MI
550
97
Por
tag
e
WI
30.
0
261
03
Mar
que
tte
MI
551
15
Sha
wan
o
WI
100
.0
261
05
Mas
on
MI
551
17
She
boy
gan
WI
100
.0
261
07
Mec
ost
a
MI
5513
5
Waup
aca
WI
100.
0
2611
3
Miss
auke
e
MI
5513
7
Waus
hara
WI
90.0
2612
1
Musk
egon
MI
5513
9
Winn
ebag
o
WI
100.
0
2612
3
Newa
ygo
MI
26143 Roscommon MI
40
4
SO
UT
HW
ES
TE
RN
LA
KE
MI
CH
IG
AN
26
15
3
Sc
ho
ol
cr
af
t
MI
26165 Wexford MI
17
09
7
La
ke
IL
10
.0
180
89
Lak
e
IN
60-
0
407
NOR
THW
EST
ERN
LAK
E
HUR
ON
18
09
1
La
po
rt
e
IN
10
.0
Po
rt
er
IN
50
. 0
26
00
1
Al
CO
nd
a
MI
5505
9
Keno
sha
WI
10' 0
2600
7
Alpe
na
MI
5507
9
Milw
auke
e
WI
100-
0
2601
1
Aren
ac
MI
Oz
au
ke
e
WI.
10
0.
0
26
02
9
Ch
ar
le
vo
ix
MI
Ra
ci
ne
WI
50.
0
Ch
eb
oy
ga
n
MI
55
13
1
Wa
sh
in
gt
on
WI
70
.0
26
03
3
Ch
ip
pe
wa
MI
Wa
uk
es
ha
WI
10
. 0
Cr
aw
fo
rd
MI
26047 Emmet MI
26069 Iosco MI
26097 Machinac MI
26119 Montmonrency MI
26129 Ogemaw MI
26135 Oscoda MI
26137 Ostego MI
26141 Presque Isle MI
26143 Roscommon MI
Portion of
County in
Subbasin,
Percent
100.0
15.0
100.0
‘70.0
100.0
70.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
60.0
30.0
100.0
100.0
85.0
100.0
100.0
30.0
100.0
100.0
100.0
35.0
100.0
50.0
100.0
100.0
90.0
40.0
100.0
.50.0
100.0
10.0
100.0
100.0
100.0
20.0
50.0
100.0
60.0
100.0
80.0
100.0
100.0
100.0
60.0
100.0
100.0
100.0
100.0
100.0
10.0
100.0
70.0
100.0
50.0
100.0
50.0
100.0
100.0
100.0
100.0
100.0
40.0
  
   
TABLE 1 (cont'd)
SUBBASINS FOR U.S. PORTION OF GREAT LAKES BASIN
Portion
of
Portion
of
~
County in
County
in
‘
Subbasin,
Subbasin,
‘
FIPS Code
‘ County
State
Percent
FIPS Code
County
State
Percent
L
408 SOUTHWESTERN LAKE HURON
411 SOUTHERN LAKE ERIE '
26017
Bay
MI
100.0
39005
Ashland
0H
10.0
26035
Clare
MI
60.0
39007
Ashtabula
. OH
85.0
‘
26049
Genesee
MI
100.0
39035
Cuyahoga
OH
100.0
3.;
26051
Cladwin
MI
100.0
39055
Geauga
OH
100.0
26057
Gratiot
MI
40. 0
39085
Lake
OH
100.0
‘
26063
Huron
MI
100.0
39093
Lorain
OH
100.0
26073
Isabella
MI
90.0
39103
Medina
OH
50.0
26087
Lapeer
MI
70.0
39133
Portage
0H
50.0
t
26093
Livingston
MI
35.0
39153
Summit
OH
60.0
26107
Mecosta
MI
20.0
39155
Trumbull
OH
10.0
26111 Midland MI 100.0
1
26125
Oakland
MI
20.0
412 EASTERN LAKE ERIE
26145 Saginaw MI 100.0
26151
Sanilac
MI
50.0
36063
Niagara
NY
30.0
26155
Shiawassee
MI
65.0
36121
Wyoming
NY
20.0
26157
Tuscola
MI
100.0
36009
Cattaraugus
NY
20.0
1
36013
Chautauqua
NY
20.0
‘
409 ST.
CLAIR—DETROIT
36029
Erie
NY
100.0
‘
42039
Crawford
PA
10.0
26075
Jackson
MI
15.0
42049
Erie
PA
50.0
‘
26087
Lapeer
MI
30.0
1
26093
Livingston
MI
35.0
413
SOUTHERN LAKE ONTARIO
26099 Macomb MI 100.0
26125
Oakland
MI
80.0
36003
Allegany
NY
70.0
26147
St.
Clair
MI
100.0
36037
Genesee
NY
100.0
26151
'
Sanilac
MI
50.0
36051
Livingston
NY
100.0
26161
Washtenaw
MI
100.0
36055
Monroe
NY
100.0
I
26163
Wayne
MI
100.0
36063
Niagara
NY
70.0
1
.
36073
Orleans
NY
100.0
'
410 WESTERN
LAKE ERIE
36101
Steuben
NY
15.0
36121 Wyoming NY 80.0
18001 Adams IN 60.0
18003
Allen
IN
80.0
414 SOUTHEASTERN LAKE ONTARIO
18033 Dekalb IN 95.0
18113
Noble
IN
15.0
36011
Cayuga
NY
100.0
18151
Steuben
IN
30.0
36045
Jefferson
NY
40.0
26059
Hillsdale
MI
70.0
36049
Lewis
NY
15.0
26091
Lenawee
MI
100.0
36053
Madison
NY
40.0
26115
Monroe
MI
100.0
36065
Oneida
NY
40.0
39003
Allen
OH
100.0
36067
Onondaga
NY
90.0
39011
Auglaize
OH
90.0
36069
Ontario
NY
100.0
30933
Crawford
OH
80.0
36075
Oswego
NY
100.0
39039
Defiance
OH
100.0
36097
Schuyler
NY
85.0
39043
Erie
0H
100.0
36099
Seneca
NY
100.0
39051
Fulton
0H
100.0
36109
Tompkins
NY
90.0
39063
,
Hancock
0H
100.0
36117
Wayne
NY
100.0
39065
Hardin
OH
50.0
36123
Yates
NY
100.0
39069 Henry OH 100.0
39077
Huron
OH
100.0
415 NORTHEASTERN LAKE
ONTARIO~ST.
LAWRENCE
39095 Lucas 0H 100.0
39101
Marion
OH
20.0
36041
Hamilton
NY
10.0
39107
Mercer
OH
50.0
36043
Herkimer
NY
50.0
39123
Ottawa
0H
100.0
36045
Jefferson
NY
60.0
1
39125
Paulding
on
100.0
36049
Lewis
NY
85.0
‘
39137
Putnam
0H
100.0
36065
Oneida
NY
10.0
39143
Sandusky
OH
100.0
39147
Seneca
OH
100.0
39161 Van Wert OH 100.0
39171
Wi1liams
0H
100.0
39173
Wood
CE
100.0
39175
Wyandot
OH
100.0
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TABLE 2
Land Uses
  
\
O
W
N
G
U
I
D
U
J
N
H
Corn and Sorghum
Other Row Crops
Close Grown Crops
Summer Fallow
Rotated Hay and Pasture
Hay Only
Conservation Use Only
Temporarily Idle
Orchards
Open Formerly Cropped
Pasture
Federal Forest
Other Farm Land
Other Nonfarm Land
CNI Commercial Forest
CNI Noncommercial Forest
3 7
TABLE 3
7
LAND
CAPABILITY
CLASSES
FOR
THE
U.S.
PORTION
OF
THE
BASIN
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Capability
Class
Description
i
l
I
S
o
i
l
s
w
i
t
h
f
e
w
l
i
m
i
t
a
t
i
o
n
s
t
h
a
t
r
e
s
t
r
i
c
t
t
h
e
i
r
u
s
e
for
a
g
r
i
c
ul
t
ur
a
l
uses.
II
Soils
with
some
limitations
that
reduce
the
choice
of
p
l
a
n
t
s
or
r
e
q
ui
r
e
m
o
d
e
r
a
t
e
c
o
n
s
e
r
va
t
i
o
n
practices.
III
Soils
with
severe
limitations
that
reduce
the
choice
:
of
p
l
a
n
t
s
or
r
e
q
ui
r
e
special
c
o
n
s
e
r
va
t
i
o
n
p
r
a
c
t
i
c
e
s
1
o
r
b
o
t
h
.
1
IV
Soils
with
very
severe
lﬂmitations
that
restrict
the
c
h
o
i
c
e
of
p
l
a
n
t
s
or
r
e
q
ui
r
e
v
e
r
y
c
a
r
e
f
ul
m
a
n
a
g
e
-
ment, or both.
V
Soils
that
h
a
ve
l
i
t
t
l
e
or
no
e
r
o
s
i
o
n
hazard,
but
o
t
h
e
r
l
i
m
i
t
a
t
i
o
n
s
w
h
i
c
h
limit
their
us
e
l
a
r
g
e
l
y
to
pasture,
range,
forest,
or
w
i
l
d
l
i
f
e
habitat.
V
I
Soils
that
have
severe
limitations
that
make
them
i
g
e
n
e
r
a
l
l
y
un
s
ui
t
e
d
to
cultivation.
V
I
I
Soils
that
h
a
ve
v
e
r
y
severe
l
i
m
i
t
a
t
i
o
n
s
that
m
a
k
e
t
h
e
m
u
n
s
u
i
t
e
d
to
c
u
l
t
i
v
a
t
i
o
n
.
1
1:
g
a
p
a
b
i
l
i
t
y
S
u
b
c
l
a
s
s
e
s
I
u
Subclass e
erosion hazard
Subclass
w
water
hazard
 
l
Subclass
3
other
unfavorable
soil
conditions
I
l
Subclass
c
climatic
limitation
 
a
 
TABLE 4
URB
AN
ARE
AS
AND
POP
ULA
TIO
NS
FOR
U.S
. P
ORT
ION
OF
BAS
IN8
 
Urban
Urb
an
Are
a
Urb
an
Pop
ula
tio
n _
1
Sub
bas
in
(mi
lez
)
Pog
ula
tio
n
Den
sit
z (
acr
e
2
401
445
.3
328
,71
1
1.1
5
402
215
.6
184
,47
0
1.3
4
403
718
.8
889
,64
2
1.9
3
404
993
.8
2,4
10,
509
3.7
9
405
1,2
79.
7
2,3
69,
777
2.89
_
406
645
.3
468
,18
2
1.1
3
407 282.8 100,000 0.55
408 607.8 1,030,792 2.64
409 1,187.5 4,802,696 6.32
410 889.1 1,587,550 2.79
411 951.6 3,076,220 5.05
412 757.8 1,808,819 3.72
413 421.9 923,648 3.42
414 390.6 1,312,604 2.61
415 225.0 202,660 1.41
TABLE 5
SUBBASINS FOR CANADIAN PORTION OF THE GREAT LAKES BASIN
Subbasin Name
501 Kaministikwia
502 Nipigon
503 Michipicoten
504 St. Mary's
505 French
506 Georgian
507 Huron
508 Thames
509 Erie
510 Grand
511 Ontario
512 Trent
10
  
   
Table 7 lists urban areas, populations and population densities for
the 12 Canadian subbasins. These estimates were obtained from PLUARG
Task B Studiesl °.
Details of the USLE parameters and land use data for each subbasin
in the Canadian drainage area are contained in Appendix B. Land use and
land capability data for the Canadian portion of the basin are available
in greater detail than presented here. However, it was not possible in the
time available for this study to.attempt to combine them and develop USLE
parameters on a more detailed basis.
11
TABLE 6
LAND USES AND CAPABILITY CLASSES FOR
CANADIAN PORTION OF BASIN
     
Land Uses - Land capability Classes
1 Orchards, Horticulture 1 No Limitations
2 Cropland 2 Moderate Limitations
3 Improved Pasture 3 Moderately Severe Limitations
4 Unimproved Pasture 4 Severe Limitations
5 Forest 5 Very Severe Limitations
6 Marsh and Swamp 6 Perennial Crops Only
7 Barren 7 Not Capable for Crop Use or Pasture
I
TABLE 7
URBAN AREAS AND POPULATIONS FOR CANADIAN PORTION OF BASIN 1’
Urban Area Urban Urban Populati n ’
Subbasin (milez) Population Density (acre_ ) H
“‘———"“ ‘1
501 25.0 112,000 7.0 l
502 2.0 22,900 17.9 '
503 5.9 4,910 1.3
504 15.8 84,900 8.4
505 73.3 235,000 5.0
506 169.5 358,000 3.3
507 57.3 103,000 2.8
508 107.9 518,000 7.5
509 105.3 505,000 7.5 i
510 109.1 482,000 6.9 w
511 514.3 3,460,000 10.5 A
512 95.3 354,000 5.8 ﬂ
‘1
' i
.1
if
A
12 j
    
.
‘
7
.
*
v
h
g
.
.
.
A
l
m
a
/
v
.
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RESULTS
-The soil losses determined by the 'Nonpoint Calculator" for each
of the subwatersheds are listed in Table 8 for the U.S., and Table 9 for
the Canadian portions of the Great Lakes Basin. It should be noted that
these are rough estimates of sedhment yields from sheet and rill erosion.
In large watersheds with a small data base this is about the best that
can be done but for more precise purposes this model would be suitable.
Also included in Tables 8 and 9 are the total urban and rural land
areas in each subbasin. Detailed computer print—out of the fraction of
land in each of the 16 land use categories in the U.S. and 7 in Canada
and the portion of each in such land capability class are available in
Appendix A and B.
The other major part of the computer print—out is the fraction of
the total soil loss in each subbasin which arises from each "land use/land
capability" combination.
A preliminary analysis of the fraction of soil loss from major land
uses, was made by adding the fractions for several related land uses and
all land capability classes in these uses. These results are shown in
Tables 10 and ll for the U.S. and Canadian portions of the basin respectively.
This information was then used to determine the relative contribution
of each land use to pollutant loads measured at the river mouths. The
detailed information in Appendix A and B permits an assessment of the
contributions that various land uses on particular land capability
classes make to the total soil loss in a particular subbasin.
The information provided by the model is the estimated soil loss
from sheet and rill erosion, as determined by the USLE, and does not
reflect actual loadings to the streams in the subbasin or that transported
by these streams to the Great Lakes. There is provision in the "Non-
point Calculator" model to assign a sediment delivery ratio to determine
lake loadings.
However, for this application of the USLE model it was
assumed that the estimate of diffuse pollutant loadings to the lakes
from all the tributaries in a particular subbasinbased on—available
monitoring data, arise from the various land used in that basin in proportion
to their soil loss as predicted by the USLE.
It is possible, to generate loads of other pollutants by assuming a
concentration of that pollutant in eroded sediments. As better data on
concentrations of pollutants in sediments are developed and delivery
ratios established the model could be used to "predict" the nonpoint
loads of other pollutants.
The actual impact of loads originating from urban versus non—urban
areas or from various parts of the basin can be significantly different.
That is, a given amount of phosphorus from different sources can have a
13
   
   
TABLE 8
RU
RA
L
AN
D
UB
AN
AR
EA
S
AN
D
TH
EI
R
SO
IL
LO
SS
ES
AS
CA
LC
UL
AT
ED
BY
TH
E
"N
ON
PO
IN
T
CA
LC
UL
AT
OR
”
FO
R
EA
CH
SU
BB
AS
IN
IN
TH
E
U.
S.
PO
RT
IO
N
OF
TH
E
GREAT LAKES BASIN
Urban
Area
(103 hectares)
Potential
Sediment
Losses
(103 tonnes/annum)
Rural
V
Ar
ea
Su
bb
as
in
(1
03
he
ct
ar
es
)
401 2,273
402 1,953
403 4,182
404 306
405 2,998
406 3,287
407 1,830
408 1,926
409 1,038
410 2,698
411 554
412 455
413 895
414 1,664
415 690
Total 26,749
14
115
56
186
257
331
167
73
157
308
230
246
196
109
101
58
2,590
  
1,941
1,102
12,791
4,458
18,279
4,535
1,551
5,443
4,626
18,960
4,853
2,222
3,778
7,847
1,360
93,746
 TABLE 9
RURAL AND URBAN AREAS AND THEIR SOIL LOSSES AS CALCULATED BY THE
"NONPOINT CALCULATOR" FOR EACH SUBBASIN IN THE CANADIAN PORTION OF THE
1
GREAT LAKES BASIN
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Potential
5
Rural
Urban
Sediment
3
Area
Area
Losses
1
Subbasin
(103 hectares)
(103 hectares)
(103 tonnes/annum)
501
888
6.0
148
502
6,609
0.5
271
503
1,911
1.5
89
504
1,192
4.1
107
505
3,587
19.0
293
506
2,331
43.9
1,515
507
1,078
14.9
4,427
508
909
28.0
2,853
509
611
27.3
2,209
510
660
28.2
4,359
511
675
133.2
3,334
512
1,969
24.7
1,266
Total
21,420
331.300
20,871
  
_
u
1
4
.
;
 diff
eren
t im
pact
depe
ndin
g up
on t
he a
ctua
l pa
thwa
y fo
llow
ed b
y th
e
nut
rie
nt.
Nev
ert
hel
ess
, a
ll
sou
rce
s h
ave
bee
n c
omb
ine
d e
qua
lly
.
Thi
s
is
pri
mar
ily
due
to
the
dif
fic
ult
y o
f a
mor
e c
are
ful
ana
lys
is
giv
en
the
constraints of the present study.
For a large portion of the basin land use information is lﬂnited.
This
is a
ppar
ent
in t
he n
eed
for
a fe
dera
l fo
rest
clas
sifi
cati
on f
or t
he
U.S. side and in the very limited land use data for some of the Canadian
side.
Urban calculations are very crude. The estimates of urban areas
and loading rates, especially the latter, are very approximate.
For non—urban areas, soluble forms of the pollutants have been
neglected. All pollutants are assumed to be attached to sediment and
transported in the solid phase.
For non—urban areas, the USLE assumes soil loss to be related to
rainfall impact. Soil loss associated with snow melt is not considered,
although this may be an important mechanism for much of the basin.
Soil loss in non-urban areas is primarily associated with agriculture.
Since such uses are reasonably well inventoried our estimates of soil
loss should be reasonable, within the intrinsic limitations of the USLE.
Addition of the federal forest areas essentially constituted a sensitivity
analysis, which shows the results to be rather insensitive to large
uncertainties in knowledge about forested areas.
Overall, the results shOuld bevaluable as a starting point. A
data base is now available which will allow the effects of potential
gross changes to be assessed and which should allow a comparison of the
relative impacts of urban and rural areas to be made.
In View of the many uncertainties in the loads as described above
it was decided not to use the model to generate loads of various pollutants,
but as mentioned earlier, utilize the estimated soil loss to apportion
the estimated diffuse tributary loadings.
The data base presently available in the "Nonpoint Calculator"
does not have sufficient resolution to locate various land uses within
the subbasins. The land use-land capability combination and USLE factors
have been consolidated over a subbasin. On the U.S. side the MRI data
base was on a county basis and this was aggregated into the subbasins.
0n the Canadian side average parameters were established for each subbasin.
Therefore, the tacit assumption is made that each land use/land
capability is uniformly dispersed throughout the subbasin. The relative
impact of each land use on the estimate of tributary loadings is assumed
constant regardless of its location or concentration in a basin. It is
apparent if a particular land is located at the headwaters of a basin
with large lakes or reservoirs, its relative contributionto rivermouth
loads to a Great Lake would be considerably less than a land use located
near the river mouth. This-type of resolution within subbasins is
possible with the PLUARG "Overview Model", but was not feasible or
believed necessary for the preliminary assessment with the USLE based
model.
  
   
A
P
P
L
I
C
A
T
I
O
N
OF
USLE
M
O
D
E
L
RESULTS
The
model
and
the
present
data
base
for
the
Great
Lakes
Basin
was
used
to
provide
a
preliminary
assessment
of
the
relative
contribution
that
various
land
uses
make
to
observed
diffuse
tributary
loadings
of
phosphorus
to
the
Great
Lakes.
It
also
provides
a
mechanism
for
obtaining
a
first
approximation
of
achievable
reductions
in
phosphorus
inputs
from
each
land
use,
and
the
relative
costs
to
achieve
them.
It
must
be
emphasized
that
the
present
data
base
only
allows
resolution
on
a
large
watershed
basis,
and
provides
only
gross
assessments.
Also,
the
basic
assumption
is
made
that
pollutant
loads
to
the
lakes
from
each
"land
use/land
capability"
combination
are
generated
in
proportion
to
the
potential
soil
loss
for
that
land
use
as
predicted
by
the
USLE.
The
USLE
was
developed
as
a
working
tool
for
soil
erosion
prediction
and
soil
conservation
and
erosion
control
planning.
"It
was
developed
for
application
on
very
small
land
areas
eg.
single
fields
within
a
farm,
and
most
of
the
quantification
of
the
factors
in
the
equation
were
developed
from
studies
on
small
field
plots.
However,
its
use
has
been
expanded
considerably
in
recent
years
and
much
work
has
been
done
in
refining
the
information
on
factors
that
affect
erosion."21
Application
of
the
USLE
to
the
analysis
of
nonpoint
source
pollution12’13
has
been
increasing
in
recent
years
and
in
many
cases
may
be
used
beyond
its
limitations.
Better
predictive
tools
are
needed,
particularly
with
respect
to
sediment
delivery
ratios,
and
models
which
consider
the
physical
processes
involved
in
erosion
and
sediment
transport.
The
USLE
only
predicts
soil
loss
by
sheet
and
rill
erosion
as
a
result
of
rainfall
impact
on
soils.
The
movement
of
dislodged
soil
particles
to
streams
is
not
modelled.
In
some
applications
of
the
USLE,
this
is
covered
by
a
sedﬁment
delivery
ratio
(Sd).
The
determination
and
use
of
sediment
delivery
ratios
is
subject
to
considerable
controversy
and misuse.
In
this
analysis,
the
USLE
was
used
to
distribute
measured
tributary
loadings
and
not
to
predict
the
magnitude
of
nonpoint
sources.
It
is
recognized
that
the
USLE
as
used
in
this
application
does
not
really
"model"
soil
erosion
and
transport
of
sediment
and
sediment
associated
pollutants
to
the
lakes.
It
only
provides
a
tool
to
compare
the
relative
contribution
of
various
nonpoint
sources
of
pollution
and
evaluate
the
potential
for
control
on
a
basin-wide
basis.
The
estimates
of
the
total
diffuse
tributary
phosphorus
loadings
were
determined
from
PLUARG
Task
DH’15
and
Great
Lakes
Water
Quality
Board,
Surveillance
Subcommittee
Reportsle.
The
results
of
applying
the
soil
losses
from
various
land
uses
and
from
Tables
10
and
11
to
1976
diffuse
tributary
phosphorus
loadings
are
17
   
 
 
 FRACTION 0F SOIL LOSS FROM VARIOUS LAND USES IN THE
UNITED STATES GREAT LAKES BASIN
TABLE 10
  
LAND USE
Basin cropland
No.
Fraction
Urban
Row
Close Grown
Pasture
Forest
Other
Total
401
a
0.005
0.050
0.081
0.365
0.499
1.000
b
0.158
0.004
0.042
0.068
0.308
0.420
1.000
402
a
0.044
0.202
0.066
0.446
0.241
1.000
b
0.139
0.038
0.174
0.057
0.384
0.208
403
a
0.513
0.199
0.087
0.045
0.157
1.000
b
0.047
0.487
0.190
0.083
0.043
0.150
1.000
404
a
0.647
0.127
0.045
0.002
0.178
1.000
b
0.280
0.465
0.091
0.032
0.004
0.128
1.000
405
a
0.631
0.178
0.081
0.007
0.102
1.000
b
0.085
0.579
0.163
0.074
0.006
0.093
406
a
0.275
0.266
0.115
0.089
0.254
1.000
b
0.126
0.241
0.232
0.101
0.078
0.222
407
a
0.164
0.154
0.113
0.123
0.446
1.000
b
0.096
0.148
0.140
0.102
0.111
0.403
408
a
0.665
0.156
0.060
0.011
0.108
1.000
b
0.130
0.577
0.136
0.052
0.010
0.095
1.000
409
a
0.543
0.160
0.102
0.023
0.172
1.000
b
0.458
0.294
0.087
0.055
0.012
0.094
1.000
410
a
0.788
0.118
0.043
0.002
0.049
1.000
b
0.048
0.750
0.112
0.041
0.002
0.047
1.000
411
a
0.316
0.118
0.077
0.029
0.460
1.000
b
0.290
0.224
0.084
0.055
0.021
0.326
1.000
412
a
0.341
0.155
0.109
0.080
0.315
1.000
b
0.470
0.081
0.082
0.058
0.042
0.167
1.000
413
a
0.440
0.202
0.130
0.038
0.190
1.000
b
0.148
0.375
0.171
0.111
0.032
0.163
1.000
414
a
0.388
0.224
0.127
0.035
0.226
1.000
b
0.058
0.366
0.211
0.120
0.033
0.212
1.000
415
a
0.318
0.120
0.177
0.098
0.287
1.000
b
0.244
0.240
0.091
0.134
0.074
0.217
1.000
Notes:
a
—
Fraction
of
soil
loss
from
non—urban
land
b - Fraction of soil
General Land Use Groupings:
  
C
r
o
p
l
a
n
d
—
Land
Use
-
1,
2
-
Row
Crops
and
No.
3,
4
loss from all land
Pasture
—
Land
Use
No.
5,
6,
7,
8,
10
and
11
Forest
-
Land
Use
No.
12,
15
and
16
Other — Land Use No.
13 and 14
(see
page
8
for
detailed
land
use
listings)
18
and 9 Close Grown
 
  
 2
0
TA
BL
E
12
LAND USES AND THEIR ESTIMATED CONTRIBUTION TO TOTAL PHOSPHORUS LOADINGS TO LAKE SUPERIOR
LA
ND
US
E
(thousands of hectares)
Basin
No.
401
402
Tot
al
Area
 
2,3
88
2,013
Urban
115
56
Row
Cropland
Close
Grown
9
27
Pasture
109
59
Forest
2,098
1,8
42
Oth
er
5
7
25
U.S. Total 4,401
171
4
0
168
3,940
82
501
50
2
50
3
6,6
02
1,
91
4
40 843
6,589
1,8
94
13
1
2
Cdn. Total 9,4
12
46
9,
32
6
2
9
TOTAL
13,813
179
4
3
214
13,
266
11
1
ESTIMATED LAND
USE CONTRIBUTI
ONS T0 DIFFUSE
LOADINGS OF TO
TAL PHOSPHORUS
(1976)
(tonne
s/annu
m)
Basin
No.
40
1
4
0
2
Tot
al
Diffuse
Trib
utar
y
Load
595
239
Urb
an
94
33
Row
2
9
Crop
land
Elgé
ajzg
xn
2
5
4
2
Pasture
4
O
14
Forest
183
92
Oth
er
250
5
0
U.S. Total 83
4 1
27
78
54
275
300
5
0
1
50
2
503
18
6
1,348
2
0
2
104
1,336
196
Canadi
an Tot
al 1,736
4
7
22
31
1,636
TOTAL
2,570
17
4
10
0
8
5
1,9
11 3
00
 
 TABL
E 13
LAND
USES
AND
THEIR
ESTIMATED
CONTRIBUTION
TO
TOTAL
PHOSPHORUS
LOADINGS
T0
LAKE MICHIGAN
LAND USE
(thousands of hectares)
Basin
Total
Cropland
No.
Area
Urban
Row
Close Grown
Pasture
Forest
Other
 
403
4,372
186
322
276
903
2,451
234
404
564
257
98
36
89
27
57
405
3,329
331
713
414
1,013
639
219
406
3,457
167
82
122
546
2,396
144
U.S. Total
11,722
941
2,063
2,551
5,513
654
ESTIMATED LAND USE CONTRIBUTIONS T0 DIFFUSE LOADINGS OF TOTAL PHOSPHORUS
(1976)
(tonnes/annum)
2
1
Total
Diffuse
Basin
Tributary
Cropland
No.
Load
Urban
59!
Close Grown
Pasture
Forest
Other
      
403
599
28
293
114
50
26
90
404
404
113
188
37
13
2
50
405
846
72
488
136
63
5
79
406
406
51
97
94
41
32
90
TOTAL
2,255
264
1,447
167
65
311
 
2
2
 
TA
BL
E
14
LAND U
SES AN
D THEI
R ESTI
MATED
CONTRI
BUTION
TO TOT
AL PHO
SPHORU
S LOAD
INGS T
O LAKE
HURON
LAND
USE
(thousands
of hectar
es)
 
Basin
No.
407
408
Tot
al
Area
 
L903
Lon
Urban
73
15
7
Ro
w
2
7
Cropland
Close
Grown
 
5
7
22
9
255
450
Pasture
Forest
1339
662
Oth
er
10
2
 
U.S
.
Tot
al 3
,98
2 230
767
705
2,051
504
505
50
6
507
L1
”
Le
n
2,375
1,101
4
4
1
5
1
7
0
329
48
169
571
497
L1“
L3H
1,5
64
252
Cdn. Total 8,2
84 82
503
sz 6,3
29
85
TOTAL 12,266
31
2
1,270
1,990
8,380
314
ESIMA
TED L
AND U
SE CO
NTRIB
UTION
S T0
DIFFU
SE LO
ADING
S OF
TOTAL
PHOSP
HORUS
(1976
)
(tonne
s/annu
m)
Basin
No.
407
408
Tot
al
Diffuse
Tributary
Load
u
4
L3%
Urb
an
 
2
2
1
8
1
R
o
w
 
3
3
807
Cr
op
la
nd
Close
Grown
31
190
Pasture
2
3
72
Forest
2
5
1
4
Oth
er
130
U.S. TOTAL 1,6
18
203
1,0
61
95
39
220
5
0
4
50
5
50
6
507
Canadian Total
1
4
7
1
8
1
215
360
2
2
4
1
u
146
329
16
18
2
2
23
106
115
19
9
0
3
96
4
8
5
7
9
243
TOTAL
Ls
n
299
1J
46
174
282
  
TABLE 15
LAND
USES
AND
THEIR
CONTRIBUTION
TO
TOTAL
PHOSPHORUS
LOADINGS
TO
LAKE
ERIE
,
.
LAND
USE
(thousands
of
hectares)
Basin
Total
Cropland
No.
Area
Urban 1
Row
Close Grown
Pasture
Forest
Other
  
 
 
409
1,346
308
143
102
323
395
75
410
2,929
230
1,320
421
558
264
136
411
799
247
60
30
189
180
93
412
652
196
31
29
149
206
41
11.5. Total
5,726
981
2,136
1,219
1,045
345
508
938
28
505
271
123
11‘
509
637
27
417
85
95
13
510
688
28
240
302
117
1
Cdn. Total
2,263
83
1,162
658
335
25
TOTAL
7,989
1,064
3,298
1,877
1,380
370
2
3
ESTIMATED LAND USE CONTRIBUTIONS T0 DIFFUSE LOADINGS OF TOTAL PHOSPHORUS (1976)
(tonnes/annum)
Total
Diffuse
Basin
Tributary
cropland
No.
Load
Urban
B9!
Close Grown
Pasture
Forest
Other
   
409*
1,330
610
391
116
73
16
125
410*.
4,352
209
3,272
488
179
9
200
411‘
2,394
697
536
201
132
50
780
412*
1,219
574
221
100
71
51
201
‘U.3. Total
9,294
2,090
5,325
455
126
1,306
508
449
32
407
9
l
v
509
499
44
450
4
1
-
510
428
19
385
22
2
—
Cdn. Total
1,376
95
1,242
35
4
-
TOTAL
10,678
2,185
6,567
490
130
1,306
9302
l'(1975) Ratio:
3337
X 1975 Laid)
 
  
TA
BL
E
16
LAND USES AND THEIR ESTIMATED CONTRIBUTION TO TOTAL PHOSPHORUS LOADINGS TO LAKE ONTARIO
LAND USE
(thou
sands
of he
ctare
s)
Basin
Total
Cropland
No.
Area
Urban
Row
Close Grown
Pasture
Forest
Other
 
413
1,092
199
99
86
329
328
51
414
1,767
101
136
128
476
771
155
415 748
58 13
14 158
' 474 31
U.S. Total
3,607
358
476
963
1,573
237
511
808
133
198
348
126
3
512
1,996
25
130
681
1,109
51
Cdn. Tota
l 2,
804
158
328
1,029
1,235
54
TOTAL
6,411
516
804
1,992
2,808
291
ESTIMATED LAND
USE CONTRIBUTI
ONS T0 DIFFUSE
LOADINGS OF TO
TAL PHOSPHORUS
(1976)
(ton
nes/
annu
m)
2
4
Total
Diffuse
Basin
Tributary
Cropland
No. Load
Urban 59!
Close Grown Eggtu
re Forest
Other
 
413 870
130 327
150 97
28 138
414 652 38 238 138 78 22 138
415 477 117 114 43 64 35 104
0.8. Total 1,999
285 1,0
10 23
9 85
380
511 751
242 '
466
40 3
—
512 311
38 21
2 49
12 —
Cdn. Total 1,062
280
678
89 15
-
TOTAL 3,061
565 1,6
88 32
8 100
380
 
 shown in Table 12—16 for lakes Superior, Michigan, Huron, Erie and
Ontario respectively. Included in each table are the areas in each land
use category in each subbasin.
The land use and phosphorus loading data for each lake basin are
summarized in Tables 17 and 18 respectively. Also included in Table 18
are the point source, atmospheric and connecting channel phosphorus
loadings for comparison with the diffuse tributary loads from various
land uses.
In the Lake Superior basin, 57 percent of the total lake loading
comes from nonpoint sources. However, most of this load is from
forested lands and little opportunity exists for reducing it.
Lake Huron also receives over 50 percent of its total phosphorus
load from diffuse tributary sources. However, about half of this load
is attributable to cropland and some potential for reduction exists.
The same is true for Lake Michigan, although the tributary load is a
smaller fraction, about 30 percent, of the total lake load.
Lake Erie receives over 50 percent of its phosphorus load from
diffuse sources with the largest contributors being cropland and urban
runoff, both controllable nonpoint sources.
In Lake Ontario, the tributary loading is only 25 percent of the
total load and cropland contributes an estimated 14 percent of the total
load indicating a marginal potential for load reductions.
The total phosphorus loading from the two controllable land uses,
cropland and urban runoff, from each subbasin are summarized in Figure
2. As would be expected the major cropland inputs are from the River
Basin Group (No. 410), which includes the Maumee River Basin and River
Basin No. 408, draining into Saginaw Bay.
PRELIMINARY COST ESTIMATES
The information generated by the computer model and applied to
measured tributary loadings provides an overview of the location and
relative size of phosphorus loads from nonpoint sources and provides a
means of assessing the potential for reducing these loads. Application
of average costs per unit area to implement control measures on lands
contributing the major part of the loading provide a first approximation
of the total costs for a control program.
PLUARG concluded that reductions in phosphorus inputs are required
to meet the target loads for Lakes Erie, Ontario and Saginaw Bay and
Lake Huron as established in the Fifth Year Review of the Great Lakes
Water Quality Agreementz. It was further concluded that nonpoint source
controls will be required to achieve these target loads as well as to
reduce the inputs of other pollutants which are either presently causing
problems in the Great Lakes or are potential problems.
The following is a preliminary analysis of the programs which could
be implemented to achieve the target loads, an estimate of the reductions
in other pollutants which could be achieved, and the estimated cost.
25
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TABL
E 17
MAJOR LA
ND USES
IN THE G
REAT LAK
ES BASIN
(thou
sands
of he
ctare
s)
Lak
e B
asi
n
 
Supe
rior
U.
S.
Cdn.
TOTAL
m
171
1
7
9
Crogla
nd
Pastur
e
Forest
40
168
3,940
3
46
9,326
43
214
13,266
Oth
er
82
11
1
Total
4,4
01
9,
41
2
13,813
Michigan
U.S.
Cdnw
94
1 2,0
63
2,551
5,513
0
0
0
65
4
TOTAL
941
2,063
2,551
5,513
654
Huron
U.S.
Cdn.
230 767
705
2,051
503
1,285
6,329
229
85
TOTAL
31
2
1,270
1,990
8,380 3
14
Erie
U.S.
Cdn.
981
2,136
1,219
1,045
1,162
658
335
345
TOTAL
1,064
3,298
-
1,877
1,380 370
Ontario
U.S.
Cdn,
358
158
476
963
1,573
328
1,029
1,235
237
5
4
3,6
07
2,8
04
TOTAL
516 804
1,992
2,808
29
1
6,411
Great Lakes
U.
S.
Cdn.
2,681
331
5,482
5,606
14,12
2
1,996
3,018
17,225
1,547
19
3
29,438
22,763
TOTAL
3,
01
2
7,47
8
'
8,62
4
31,3
47
1,740
52,
201
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TABLE
18
1976
TOTAL PHOSPHORUS LOADS
TO THE GREAT
LAKES
(Diffuse Tributary Load Distribution Determined by USLE Based Computer Model)
Sources
Point
Sources
Tributary
Diffuse
Urban
Cropland
Pasture
Forest
Other
Atmospheric
Connecting
Channels
L.
Superior
t/a
Z
392
8.7
(2,570) (56.8)
174
3.8
100
2 2
85
1
9
1,911
42.2
300
"6
6
1,566
L. Huron
t/
a
4
1
5
2,521
299
1,546
174
282
220
1,129
657
Z
8.8
(53.4)
L. Michigan
t/a
2,777
(2,255)
264
1,447
167
6
5
31
1
1,6
82
Z
41.4
(33.6)
t/a
7,164
(10,678)
2,185
6,567
490
130
1,306
774
1,080
L. Erie
2
36
.4
(54.2)
11.1
33.4
2.5
L.
Ontario
t/a
2,837
(3,061)
565
1,688
328
100
380
438
5,613
Z
23.7
TOTAL
t/a
Z
13,585
33.7
(21,084)
(52.4)
3,487
8.6
11,348
28
1,244
2,488
.
2
.1
.2
2,517
.3
M
O
“
)
5,589
13.9
(7,350)
—
TOTAL
TARGET
4,528
100
3,900
*
Excluding
Connecting
Channels
4,722
4,400
6,7
14
4,900
19,696
11,000
100
11,949
7,000
40,258*
100
31,200
t/a
‘
tonnes
per
annum
  
The
required
reduction
in
nonpoint
sources
of
phosphorus
depends
upon
the
level
of
point
source
control
being
implemented.
The
annual
phosphorus
loading
reductions
which
would
be
required
under
various
levels
of
point
source
control
were
developed
by
PLUARG,
and
are
summarized
in
Table
19.
The
cost
of
achieving
these
additional
point
source
loading
reductions
is
presented
in
Table
20.
These
cost
estimates
are
developed
from
a
computer
simulation
study
of
costs
for
municipal
wastewater
treatment
to
achieve
various
levels
of
phosphorus
removal
which
is
described
in
another
PLUARG
Technical
Report17.
The
estimated
phosphorus
loading
reductions
and
annual
cost
of
achieving
them
by
implementing nonpoint
source
control
on cropland
and
urban
lands
are
shown
in
Table
21
and
22
respectively.
The
estimates
of
load
reductions
for
cropland
erosion control
are based
on
the
assumption
that
sound
land management
programs,
such as
contour
plowing,
terracing,
strip
cropping,
no-till
farming,
grassed
water
ways
can be
implemented
which
will reduce
the
aVerage
soil
loss
potential
to
less
than 1
ton
per
acre
per
year
(2.2
t/ha/a).
The urban
load
reductions
are based
on
the
assumption
that
treatment
of
stormwater
will
provide
a 30 percent
reduction
in the
suspended
solids
and
phosphorus
loads.
The average annual
cost
for
cropland
erosion controls
and
urban
runoff
treatment
were
estimated
at
$25
and
$100
per
hectare respectively.
These estimates are based on a consideration of the available cost
information in PLUARG Technical Reports on pilot watershed
studies”’19
and evaluations of remedial measureszo’21
The annual
cost
estimates,
including
those
for
the
point
source
control
programs,
represent
the
annual
operating and maintenance
cost
plus the annual amount required at an interest rate of 10 percent per
annum to
recover
in
25
years
any capital
expenditures
required.
As a starting point it is also assumed that full implementation of
ongoing
programs under
the
1972
Great
Lakes
Water
Quality Agreement
to
reduce
phosphorus
concentrations
to
1 mg
P/L
in
the
effluents
from
all
municipal
sewage
treatment
plants
with flows
greater
than
1 MGD
(4x106
L/d) will be carried out.
Using the information contained
in Tables l9—22, possible control
strategies and the costs to achieve the target loadings for each of the
lakes
requiring
further
load
reductions
were
developed
as
shown
in Table
23.
The Lake Erie target loading can be achieved by cropland erosion
controls alone or with a combination of additional point source plus
cropland erosion control.
Preliminary cost estimates for the cropland
erosion programs in the Lake Erie basin is $81.5 million.
The target
loads cannot be achieved by point source controls alone unless effluent
requirements more restrictive than 0.3 mg P/L are enforced.
Implementing
an effluent level of 0.5 mg P/L at municipal plants would result in a
loading reduction of 1400 t/a at an estimated annual cost of $15.4
million. The most cost—effective program for Lake Erie would likely be
a combination of effluent concentrations not exceeding 0.5 mg P/L at
some of the very large municipal treatment plants in the basin plus
implementation of programs to control soil loss from cropland.
29
 
.
.
1
_
4
1
1
.
4
1
4
‘
‘
~
‘
1
_
A
l
  
 TABLE 19
AD
DI
TI
ON
AL
PH
OS
PH
OR
US
LO
AD
RE
DU
CT
IO
NS
RE
QU
IR
ED
TO
ME
ET
TA
RG
ET
LO
AD
S
   
PO
IN
T
SO
UR
CE
CO
NT
RO
LS
LA
KE
ER
IE
LA
KE
ON
TA
RI
O
SA
GI
NA
W
BA
Y
Pr
es
en
t
8,
70
0
5,
60
0
58
0
ST
P'
s
@
1.
0
mg
/L
4,
60
0
3,
30
0
38
0
ST
P'
s
@
0.
5
mg
/L
3,
20
0
2,
20
0
24
0
ST
P'
s
@
0.
3
mg
/L
2,
10
0
1,
30
0
-
TABLE 20
ADD
ITI
ONA
L P
HOS
PHO
RUS
LOA
D R
EDU
CTI
ONS
AND
EST
IMA
TED
COS
TS
BY
LIM
ITI
NG
EFF
LUE
NT
CON
CEN
TRA
TIO
NS
T0
0.5
mg/
L A
T P
OIN
T S
OUR
CES
LAK
E E
RIE
LAK
E O
NTA
RIO
SAG
INA
W B
AY
Load
Red
uct
ion
s
1,4
00
1,1
00
140
(t/a)
Annual Cost
($x1
06)
15.4
12.5
1.5
Basis for Estimates
T
A
B
L
E
2
1
1.
Esti
mate
d $
11,0
00/t
onne
of p
hosp
horu
s re
move
d by
redu
cing
effl
uent
limits from 1.0 to 0.5 mg P/L
2.
Loa
d r
edu
cti
ons
per
Tab
le
18.
Lik
ely
wou
ld
onl
y c
ons
ide
r l
arg
e
municipal treatment plants.
Note:
A further load reduction to Lake Ontario of 900 t/a could be achieved
by r
educ
ing
effl
uent
limi
ts t
o 0.
3 mg
/L f
rom
0.5
mg/L
.
Esti
mate
d co
st a
t
$165,000/tonne is $148.5 million per year.
3O
TABLE
21
n
’ I
PHOSPHORUS LOAD
REDUCTIONS
ACHIEVABLE
FROM
CROPLAND
SOIL
EROSION
CONTROL PROGRAMS
AND
ESTIMATED
COSTS
LAKE
ERIE
LAKE
ONTARIO
SAGINAW
BAY
Load
Annual
Load
Annual
Load
Annual
Reduction
Cost
Reduction
Cost
Reduction
Cost
gain
No.
(t/a)
91105
~.)
Basin
No.
(t/a)
($x10°
)
Basin
No.
(t/a)
(5x106
.)
409
350
6.0
410
2,850
43.5
413
360
4.2
loll
560
2.3
4114
280
6.0
412
V 220
1.2
415
11g
0.8
408
E
17.0
   
TOTAL
ANNUAL
COST
5x106
 
u.s.
Total
3.980
53.0
U.S.
Total
780
11.0
0.5.
Total
600
17.0
n.5,
Total
31,0
508
230
12.5
509
240
10.0
511
360
1..
510
1
3
E
512
119
3
Cdn.
Total
800
28.5
Cdn.
Total
510
7.5
Cdn.
Total
36.0
TOTAL
4,780
81.5
TOTAL
1,290
18 . 5
TOTAL
600
17 .0
TOTAL
117 .0
    
Basis
for
Estimates
 
1.
Reduce
average
soil
loss
potential
to
2.2t/ha/a
(1
ton/acte/year)
(
2.
Average
Annual
Cost
SZS/ha
/a
3
1
TABLE 22
ESTIMATED REDUCTIONS AND COSTS TO REDUCE PHOSPHORUS INPUTS FROM URBAN LAND
LAKE ERIE
LAKE ONTARIO
SAGINAW BAY
1976
Load
Annual
1976
Load
Annual
1976
Load
Annual
Load
Reduction Cost
Load
Reduction Cost
Load
Reduction Cost
Basin 50.
jtla)
(t/a)
($x106)
Basin No. (t/a)
(t/a)
($x10‘)
Basin No.
jg/a)
gt/a)
(5x106)
 
409
610
183
31
510
209
63
23
413
130
39
11
411
697
209
25
414
38
11
10
-. 412
574
172
20
1015
113
34
6
408
181
5A
0.5. Total
2,090
627
99
v.3. Total
285
86
Z7
[1.5. Total
181
56
508
27
8
509
43
13
510
21
6
Cdn.
Total
91
27
511
231
69
13
512
29
9
3
Cdn . Total 260
78
16
0
'
9
a
n
TOTAL
2, 151
650
106
TOTAL
565
164
43
TOTAL
181
5A
   
Basis:
 
1.
Assumes a 302 reduction in suspended solids and phosphorus can be achieved by stomater treatment.
2.
Estimated Annual Cost $100/hs of urban land.
  
  
The
target
loading
for
Lake
Ontario
will
be
extremely
difficult
and
e
xp
e
n
s
i
ve
to
a
c
h
i
e
ve
un
l
e
s
s
the
r
e
d
uc
t
i
o
n
of
inputs
to
L
a
k
e
Erie
result
in
a
significant
reduction
in
the
load
transmitted
to
Lake
Ontario
via
the
Niagara
River.
Therefore,
for
this
analysis,
it
is
assumed
that
a
100
t
reduction
in
the
load
to
Lake
Erie
would
result
in
a
25
t
reduction
in
the
load
to
Lake
Ontario.
As
indicated
in
Table
23
a
no
cost
reduction
for
Lake
Ontario
has
been
assumed
due
to
implementation
of
programs
to
a
c
h
i
e
ve
the
target
load
r
e
d
uc
t
i
o
n
s
for
L
a
k
e
Erie.
In
addition,
c
r
o
p
l
a
n
d
erosion
control
will
also
be
required
for
Lake
Ontario
at
an
estimated
cost
of
$18.5
m
i
l
l
i
o
n
/
ye
a
r
.
However,
this
will
still
not
be
sufficient
and
some
STP's
will
be
r
e
q
ui
r
e
d
to
r
e
d
uc
e
effluent
p
h
o
s
p
h
o
r
us
c
o
n
c
e
n
t
r
a
t
i
o
n
s
to
0.5
m
g
/
L
at
an
e
s
t
i
m
a
t
e
d
annual
cost
of
$12.5
million.
The
total
e
s
t
i
m
a
t
e
d
cost
for
the
L
a
k
e
O
n
t
a
r
i
o
p
r
o
g
r
a
m
is
$31
m
i
l
l
i
o
n
per
year.
If
the
control
p
r
o
g
r
a
m
in
L
a
k
e
Erie
does
not
result
in
p
r
e
d
i
c
t
e
d
r
e
d
uc
t
i
o
n
s
in
the
l
o
a
d
s
to
Lake
Ontario,
it
wo
ul
d
be
n
e
c
e
s
s
a
r
y
to
c
o
n
s
i
d
e
r
stricter
point
source
effluent
l
i
m
i
t
s
to
0.3
m
g
/
L
and
this
wo
ul
d
i
n
c
r
e
a
s
e
t
h
e
e
s
t
i
m
a
t
e
d
c
o
s
t
o
f
t
h
e
L
a
k
e
O
n
t
a
r
i
o
p
r
o
g
r
a
m
a
p
p
r
o
x
i
m
a
t
e
l
y
$
1
5
0
m
i
l
l
i
o
n
/
y
r
.
C
r
o
p
l
a
n
d
e
r
o
s
i
o
n
c
o
n
t
r
o
l
is
a
l
s
o
r
e
q
u
i
r
e
d
in
t
h
e
S
a
g
i
n
a
w
B
a
y
a
r
e
a
.
T
h
e
e
s
t
i
m
a
t
e
d
a
n
n
u
a
l
c
o
s
t
f
o
r
t
h
i
s
p
r
o
g
r
a
m
is
$17
m
i
l
l
i
o
n
/
y
r
.
F
u
r
t
h
e
r
p
o
i
n
t
s
o
u
r
c
e
c
o
n
t
r
o
l
s
to
a
n
0.5
m
g
/
L
e
f
f
l
u
e
n
t
l
i
m
i
t
w
o
u
l
d
b
e
b
e
n
e
f
i
c
i
a
l
b
ut
w
o
u
l
d
n
o
t
be
s
u
f
f
i
c
i
e
n
t
to
m
e
e
t
t
h
e
t
a
r
g
e
t
l
o
a
d
i
n
g
s
w
i
t
h
o
u
t
s
o
m
e
n
o
n
p
o
i
n
t
s
o
u
r
c
e
r
e
d
u
c
t
i
o
n
s
.
I
m
p
l
e
m
e
n
t
a
t
i
o
n
o
f
t
h
e
a
b
o
v
e
p
r
o
g
r
a
m
s
to
r
e
d
u
c
e
e
r
o
s
i
o
n
a
n
d
s
o
i
l
l
o
s
s
f
r
o
m
c
r
o
p
l
a
n
d
w
i
l
l
a
l
s
o
r
e
d
u
c
e
t
h
e
t
r
i
b
u
t
a
r
y
s
e
d
i
m
e
n
t
l
o
a
d
s
to
t
h
e
l
a
k
e
s
a
n
d
t
h
e
i
n
p
u
t
s
o
f
s
e
d
i
m
e
n
t
—
a
s
s
o
c
i
a
t
e
d
c
o
n
t
a
m
i
n
a
n
t
s
.
A
f
i
r
s
t
a
p
p
r
o
x
i
m
a
t
i
o
n
o
f
t
h
e
s
e
r
e
d
u
c
t
i
o
n
s
,
b
a
s
e
d
o
n
t
h
e
U
S
L
E
m
o
d
e
l
r
e
s
u
l
t
s
a
n
d
t
h
e
a
m
O
u
n
t
s
o
f
t
h
e
s
e
p
o
l
l
u
t
a
n
t
s
a
s
s
o
c
i
a
t
e
d
w
i
t
h
s
e
d
i
m
e
n
t
r
e
p
o
r
t
e
d
b
y
P
L
U
A
R
G
Z
,
a
r
e
s
h
o
w
n
i
n
T
a
b
l
e
24.
T
h
e
s
u
g
g
e
s
t
e
d
p
r
o
g
r
a
m
s
w
o
u
l
d
r
e
s
u
l
t
in
a
r
e
d
u
c
t
i
o
n
o
f
a
b
o
u
t
4
0
p
e
r
c
e
n
t
in
t
h
e
t
r
i
b
u
t
a
r
y
s
e
d
i
m
e
n
t
i
n
p
u
t
s
a
n
d
r
e
d
u
c
e
t
h
e
t
o
t
a
l
e
s
t
i
m
a
t
e
d
i
n
p
u
t
s
o
f
l
e
a
d
b
y
1
5
p
e
r
c
e
n
t
,
P
C
B
'
s
b
y
1
0
p
e
r
c
e
n
t
a
n
d
m
e
r
c
u
r
y
b
y
4
0
p
e
r
c
e
n
t
.
SUMMARY
T
h
e
e
s
t
i
m
a
t
e
d
a
n
n
u
a
l
c
o
s
t
o
f
p
r
o
g
r
a
m
s
r
e
q
u
i
r
e
d
t
o
a
c
h
i
e
v
e
p
h
o
s
p
h
o
r
u
s
t
a
r
g
e
t
l
o
a
d
s
a
n
d
s
i
g
n
i
f
i
c
a
n
t
r
e
d
u
c
t
i
o
n
s
i
n
t
h
e
i
n
p
u
t
s
o
f
s
e
d
i
m
e
n
t
a
n
d
s
e
d
i
m
e
n
t
—
a
s
s
o
c
i
a
t
e
d
p
o
l
l
u
t
a
n
t
s
(
P
C
B
'
s
,
l
e
a
d
a
n
d
m
e
r
c
u
r
y
)
t
o
t
h
e
G
r
e
a
t
L
a
k
e
s
a
r
e
a
s
f
o
l
l
o
w
s
:
L
a
k
e
E
r
i
e
$
8
0
m
i
l
l
i
o
n
L
a
k
e
O
n
t
a
r
i
o
$
3
0
m
i
l
l
i
o
n
S
a
g
i
n
a
w
B
a
y
$
2
0
m
i
l
l
i
o
n
 
$130 million
T
h
i
s
a
n
a
l
y
s
i
s
i
n
d
i
c
a
t
e
s
t
h
a
t
p
r
o
g
r
a
m
s
t
o
r
e
d
u
c
e
p
h
o
s
p
h
o
r
u
s
i
n
p
u
t
s
t
o
t
h
e
G
r
e
a
t
L
a
k
e
s
f
o
r
u
r
b
a
n
a
n
d
c
r
o
p
l
a
n
d
i
s
f
e
a
s
i
b
l
e
a
n
d
p
r
a
c
t
i
c
a
l
o
n
a
l
a
k
e
—
w
i
d
e
b
a
s
i
s
.
A
m
o
r
e
d
e
t
a
i
l
e
d
a
n
a
l
y
s
i
s
i
s
t
h
e
r
e
f
o
r
e
w
a
r
r
a
n
t
e
d
t
o
d
e
t
e
r
m
i
n
e
t
h
e
m
o
s
t
c
o
s
t
—
e
f
f
e
c
t
i
v
e
c
o
m
b
i
n
a
t
i
o
n
s
p
o
i
n
t
a
n
d
n
o
n
p
o
i
n
t
s
o
u
r
c
e
p
o
l
l
u
t
i
o
n
c
o
n
t
r
o
l
s
t
r
a
t
e
g
i
e
s
t
o
b
e
i
m
p
l
e
m
e
n
t
e
d
i
n
S
p
e
l
e
i
C
d
r
a
i
n
a
g
e
b
a
s
i
n
s
.
T
h
e
r
e
s
u
l
t
s
o
f
t
h
i
s
w
o
r
k
a
r
e
d
e
s
c
r
i
b
e
d
g
e
n
e
r
a
l
l
y
i
n
t
h
e
P
L
U
A
R
G
F
i
n
a
l
R
e
p
o
r
t
2
a
n
d
i
n
d
e
t
a
i
l
i
n
t
h
e
P
L
U
A
R
G
T
e
c
h
n
i
c
a
l
R
e
p
o
r
t
1
.
-
"
M
a
n
a
g
e
m
e
n
t
I
n
f
o
r
m
a
t
i
o
n
B
a
s
e
a
n
d
O
v
e
r
v
i
e
w
M
o
d
e
l
l
i
n
g
"
.
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 TABLE 23
STRATEGIES TO ACHIEVE TARGET PHOSPHORUS LOADINGS TO THE GREAT LAKES
Lake
Lake Erie
Lake Ontario*
Lake Huron
(Saginaw Bay)
Great Lakes
Control Strategz
STP's @ 1.0 mg/L
Cropland Erosion Control
STP's @ 1.0 mg/L
Implementation of L. Erie
programs to achieve target
Cropland Erosion Control
STP's @ 0.5 mg/L
STP's @ 1.0 mg/L
Cropland Erosion Control
Residual
Phosphorus
Load Over
Target
(t/a)
4,600
-0_
Total
3,300
2,100
800
-0-
Total
380
-0_
Total
Total
Estimated
Annual
Cost
($x106)
81.5
81.5
18.5
12.5
31.0
 
129.5
*The
load
reductions
required
and
cost
for
Lake
Ontario
will
be
much
more
severe
than
indicated
if
the
programs
to
be
implemented
in
the
Lake
Erie
Basin
do
not
result
in
a
significant
reduction
in
the
load
transmitted
to
Lake
Ontario
by
the Niagara River.
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TABLE 24
REDUCTION
IN
LOADINGS
OF
SEDIMENT
AND
SEDIMENT—ASSOCIATED
POLLUTANTS
BY
IMPLEMENTING
CROPLAND
EROSION
CONTROL
PROGRAMS
R
E
D
U
C
T
I
O
N
S
I
N
L
O
A
D
I
N
G
S
(
Z
)
LAKE
S
e
d
i
m
e
n
t
*
L
e
a
d
*
*
P
C
B
s
*
*
M
e
r
c
u
r
x
*
*
E
r
i
e
39
16
10
37
O
n
t
a
r
i
o
4
2
1
4
8
4
O
*
R
e
d
u
c
t
i
o
n
i
n
t
r
i
b
u
t
a
r
y
l
o
a
d
i
n
g
o
n
l
y
*
*
R
e
d
u
c
t
i
o
n
i
n
t
o
t
a
l
l
a
k
e
l
o
a
d
i
n
g
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 CONCLUSIONS %
The MRI "Nonpoint Calculator" computer model based on the Universal '
Soil Loss Equation is a useful management tool for making preliminary
assessments of nonpoint source pollution of the Great Lakes. It provides
a means to estimate the relative contributions of various land uses to
pollutant loadings to the lakes on a lake basin scale. The model can be
used to estimate loading reductions which could be achieved by implementing
nonpoint source controls and the associated costs for preliminary analysis
of the feasibility and cost—effectiveness of various alternatives.
The results obtained from this simple model need to be compared
with those from other methodologies and its utility for evaluating
progress in reducing nonpoint source loads to the Great Lakes through i
implementation of control programs should be evaluated. Several other
computer models are available for assessing nonpoint sources. These
generally require much moredetailed input data than the "Nonpoint
Calculator" and therefore would not be as useful for preliminary analyses
on lake basin scale. However, the results from such models should be
compared with this more general approach to provide some degree of m
confidence in the broader approach. The U.S. Corps of Engineers, in the g
Lake Erie Waste Water Management Study, is applying the USLE on a much 1
more detailed scale than was used here. Comparison of their results when
available, with those reported here will provide one opportunity to
assess the feasibility of applying the USLE to very large drainage
areas.
 
The "Nonpoint Calculator" is relatively simple and inexpensive to
use and, it should be further developed and applied. However, the land
use data base and USLE parameters for the Great Lakes should be further
refined and updated.
There is a need to develop relationships between applicationof
various erosion and sediment control techniques and the effect on USLE
parameters to better predict pollutant load reductions. Cost information
for remedial measures is also very limited.
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 APPENDIX A
NONPOINT CALCULATOR RESULTS FOR U.S.
A-l
PORTION OF BASIN
  
  
NON POINT CALCULATOR
MI
DW
ES
T
RE
SE
AR
CH
IN
ST
IT
UT
E
21
N
O
V
E
M
B
E
R
1
9
7
7
V
E
R
S
I
O
N
NA
ME
OF
BA
SI
N:
GR
EA
T
LA
KE
S
(U
NI
TE
D
ST
AT
ES
)
GL
OS
SA
RY
PO
LL
UT
AN
T
SO
UR
CE
S
TO
CO
NS
ID
ER
:
LAND USES
ER
OS
IO
N
YE
S
01 CORN AND SORGUM
UR
BA
N
RU
NO
FF
YE
S
02
OT
HE
R
RO
W
CR
OP
S
03 CLOSE GROUN CROPS
FE
ED
LO
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NO
04
SU
MN
ER
FA
LL
OW
05 ROTATED HAY AND PASTURE
LA
ND
FI
LL
N0
06
HA
Y
ON
LY
07 CONSERVATION USE ONLY
IR
RI
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TI
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RE
TU
RN
FL
OW
N0
08
TE
MP
OR
AR
IL
Y
ID
LE
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AC
ID
MI
NE
DR
AI
NA
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N0
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OP
EN
FO
RN
ER
LY
CP
OP
PE
D
11 PASTURE
CO
NT
RO
L
IN
FO
RM
AT
IO
N
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FE
DE
RA
L
FO
RE
ST
NUM
BER
OF
EVE
NTS
1
13
OTH
ER
FAR
M
LAN
D
NUM
BER
OF
REG
ION
S
=
15.
14
OTH
ER
NON
-FA
RM
LAN
D
15 CNI COMMERCIAL FOREST
16 CNI NON-COMMERCIAL FOREST
LAND CAPABILITY CLASSES
1 LAND CAPABILITY CLASS 1-
2 LAND CAPABILITY CLASS 2E
3 LAND CAPABILITY CLASS 25
A LAND CAPABILITY CLASS 2w
5 LAND CAPABILITY CLASS 2c
6 LAND CAPABILITY CLASS 35
7 LAND CAPABILITY CLASS 35
B LAND CAPABILITY CLASS 3w
9 LAND CAPABILITY CLASS 3C
10 LAND CAPABILITY CLASS Ae
11 LAND CAPABILITY CLASS «5
12 LAND CAPABILITY CLASS AN
13 LAND CAPABILITY CLASS «c
14 LAND CAPABILITY CLASS 56
IS ‘LAND CAPABILITY CLASS SS
16 LAND CAPABILITY CLASS SH
11 LAND CAPABILITY CLASS SC
18 LAND CAPABILITY CLASS 66
19 LAND CAPABILITY CLASS as
20 LAND CAPABILITY CLASS ‘B
21 LAND CAPABILITY CLASS 6C
22 LAND CAPABILITY CLASS 7E
23 LAND CAPABILITY CLASS 75
2A LAND CAPABILITY CLASS 7w
25 LAND CAPABILITY CLASS 7C
26 LAND CAPABILITY CLASS PE
27 LAND CAPABILITY CLASS BS
23 LAND CAPABILITY CLASS BA
29 LAND CAPABILITY CLASS BC
REGION:
1
~ESTE°N
LAKE
SUPERIOR
AREAS
8v
LAND
USE
AND
LAND
CAPABILITY
CLASS<LCC1
(ACRES
x
FACTOR
x1
LCC
x
1
2
3
0
5
6
7
A
9
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3
1
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0
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3
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0
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0
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01261
0
A
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o
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1
1
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5
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0
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02653
0
6
100
o
1
75
0
336
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5
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703257
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0
0
3
2
0
0
0
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1
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0
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0
0
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o
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PRACTICE FACTOR BY LU AND LCC (DIVIDE 8Y 100)
LU: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
 
LCC=
1
0 8
1 10
0
0 8
1 8
1
0
0
0
0 10
0 8
6 5
3
0 8
6
0
LCC= 2 0 81 81 0 66 72 94 64 0 50 94 83 65 68 83 50
LCC= 3 0 75 65 0 75 70 0 77 0 0 85 82 52 81 82 50
LCC=
4
0 8
0 8
6
0 8
2
0
0 9
3
0 5
0 8
5 8
0 5
3 S
3 8
0 5
9
LCC=
6
0 8
9
80
0 7
7
80
78
72
0 5
0
92
80
61
53
80
54
LCC=
7
0 8
2
81
0 7
3
86
0 8
8
0 5
0 1
00
81
56
56
81
59
LCC=
8 0
76 6
5 0
74 7
3 62
62
0 50
81 7
8 54
54 7
8 56
i
LCC=
10
0
0 7
2
O 6
7 9
9 6
2 7
1
0 5
0 8
7 7
8 6
2 5
5 7
8 5
9
LCC= 11 0 83 60‘ 0 81 90 0 57 0 50 92 79 56 51 79 52
LCC=
12
0
0 8
3
0 5
0 7
0
0 6
6
0
0 8
2 7
7
0 5
8 7
7 5
2
LCC=
18
0
0 10
0
0 5
0
0
0
0
0 5
0
88
84
62
71
84
50
LCC= 19 0 0 86 0 0 76 0 0 50 50 80 78 68 56 78 50
LCC=
20
0
0
0
0
0
0
0
0
0
0
O 6
9
0 5
0 6
9
0
LCC= 22 0 0 50 0 50 70 0 0 0 50 85 85 59 70 85 50
LCC= 23 0 91 88 0 79 0 0 '0 0 50 79 75 52 51 75 50
LCC=
24
0
0
0
0
0
0
0
0
0
0
0 5
3
0
0 8
3 5
4
LCC= 27 0 0 0 0 0 0 0 O 0 0 0 69 0 50 69 0
LCC= 29 0 0 0 0 0 0 0 50 0 0 0 76 0 60 76 51
SOIL ERODIBILITY INDEX dY LAND CAPA8ILITY CLASS(LCC1 (K)
LCC= 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 .32 .34 .30 .31 .00 .34 .31 .24 .00 .33 .17 .18 .00 .00 .00
2 .00 .00 .35 .17 .17 .00 .37 .18 .17 .00 .00 .17 .17 .00
COVER FACTOR BY LAND USE (C)
LAND
USE=
1
2
3
4
5
6
7
8
1 0.000 .450 .170 0.000 .015 .015 .050 .100
2 .250 .015 .010 .003 .200 .200 .003 .005
SLOPE LENGTH 8V LAND CAPABILITY CLASS(LCC) (DISTANCES 1N FEET
REGSEQ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
2 1 441 318 296 352 O 250 331 259 0 266 269 306 0 0 0
2 2 0 0 177 276 200 0 188 255 150 0 0 200 236 0
SLOPE (PERCENT) BY LAND CAPABILITY CLASS(LCC)
QEGSEQ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
2 1 1.0 4.0 3.1 1.0 0.0 8.3 1.5 2.7 0.0 15.0 2.7 3.2 0.0 0.0 0.0
2 2 0.0 0.0 23.5 6.5 13.0 0.0 28.1 11.4 22 0 O 0 0.0 13.0 12.1 0.0
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LCC
LAND USE
1 2
3 4'
5 6
7 8
9 10
11 12
13 14
15 16
1 1.67 1.67
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.06 .23 .48
0.00 .05 .06
.02 .94 .85
.02 .02 .7
5
2 7.90 8.13 3
.11 6.72 .27
.26 .93 1.73
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.05 3.42 3.71
.05 .07 1.5
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8.37 0.00 .67
.15 8.71 6.04
.15 .18 3.6
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4 6.87
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AREAS BY LAND USE AND LAND CAPARILITY CLASS(LCC1
SOUTHwESTERN LAKE MICHIGAN
(ACRES X FACTOR X)
LCC X 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 101325 505 576 0 563 34 85 117 1 17 108 0 240 37 380 29
2 10412414082494 04287 196 969 176 84 333 728 0 9841449 925 68
3 1474410916544 05866 02121 270 85 2221586 0101658711107 698
4 10803627882971 03042 3531893 260 44 3231401 0128533811145 333
6 101061 317 709 01178 127 303 42 4 45 358 0 231 620 553 49
7
1400414581932
02520 302 692
79
0
01034
01935 612 696
0
8 1011851093 424 0 99 256 378 93 4 23 263 0 4751439 560 236
10 1349220234764 0706215741350 86 0 5381910 0171930623703 663
11 1 720 0 295 O 0 85 0 0 0 0 50 0 161 387 77 0
12
119552360 247
0 213
22 864 319
0
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REGION: 6 NORTHEASTEQN LAKE MICHIGAN
AREAS BY LAND USE AND LAND CAPABILITY CLASS<LCC1 (ACPES X FACTOR X)
LCC X 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 10 94 3 116 0 349 295 43 64 62 165 94 471 188 213196 0
2 103158 5933104 0378911181585 7751899251623391532 854 5919660 3
3 10 160 116 123 0 650 106 123 80 357 168 222 236 74 561310 0
4 100 119 31 171 0 213 80 100 15 24 193 323 424 39 332651 6
6 100 267 44 394 0 447 187 273 48 279 424 471 495 151 1563043 13
7 100 195 104 258 0 460 185 216 20 146 551 301 306 165 2771926
8 100 133 65 189 0 306 87 116 55 25 363 5421414 69 3328768 54
10 100 30 7 44 0 150 77 81 22 138 196 212 295 39 411833 11
11 100 112 200 151 0 265 130 205 22 126 805 277 943 124 5085836 33
12 100 61 65 56 0 24 38 10 19 24 188 239 766 53 2514780 40
18 10 163 0 137 0 540 346 295 67 220102927771179 273 6817434 67
19 100 32 4 27 0 76 54 75 21 51 319 115 413 46 1452539 52
20 1 0 0 0 0 445 0 0 0 0 105 371179 0 08826 0
22 10 99 0 168 O 168 20 118 0 225 71014861179 93 2187043 718
231000 5 2 10 0 10 11 9 3 9 84 46 242 12 571502 11
24 1 0 0 0 0 0 0 0 0 0 0 0 0 0 03039 0
27 1 0 0 0 0 0 0 0 0 0 6151771 0 0 5092426 0
25 10 0 0 '0 0 0 0 0 86 0 17 83 943 286133658058055
PRACTICE FACTOR BY LU AND LCC (DIVIDE FY 100)
LU= 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
LCC= 1 69 73 62 0 69 65 74 55 50 51 100 92 58 51 92 0
LCC= 2 80 87 83 O 77 79 72 74 64 52 86 79 70 71 79 70
LCC= 3 84 85 84 0 72 77 64 69 58 50 91 78 86 83 78 0
LCC= 4 87 86 80 0 75 73 68 82 61 51 87 84 70 70 84 57
LCC= 6 80 82 80 0 77 79 74 79 67 55 88 76 71 67 76 60
LCC= 7 73 82 74 0 75 73 69 77 68 50 90 85 67 66 85 65
LCC= 8 78 89 81 0 77 84 76 78 54 51 86 80 68 62 80 61
LCC= 10 82 78 81 0 75 76 70 82 69 66 87 74 65 67 74 58
LCC= 11 79 89 79 0 81 74 78 78 74 60 88 81 68 63 81 62
LCC= 12 82 86 83 0 85 77 77 82 54 53 83 79 70 60 79 61
LCC= 18 81 0 83 O 73 69 67 74 72 69 95 85 70 73 85 80
LCC= 19 74 76 79 0 72 76 72 79 68 62 87 81 65 54 81 62
LCC= 20 0 0 0 0 50 0 0 0 0 50 100 95 0 0 95 0
LCC= 22 80 0 94 0 84 50 62 Q 59 79 95 85 64 73 85 73
LCC= 23 82 86 80 0 79 72 72 78 80 75 85 81 67 59 81 64
LCC= 24 0 0 0 0 0 0 0 0 0 0 0 83 0 0 83 0
LCC= 27 0 0 0 0 0 0 0 0 0 84 100 81 0 76 81 0
LCC= 28 0 0 0 0 0 0 0 50 0 50 87 76 78 53 76 54
SOIL EPODIBILITY INUEX 8Y LAND CAPABILITY CLASS(LCC) (K)
LCC= 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 .32 .30 .33 .34 .00 .29 .32 .24 .00 .28 .17 .17 .00 .00 .00
2 .00 .00 .26 .17 .17 .00 .26 .17 .17 .00 .00 .17 .17 .00
COVER FACTOR BY LAND USE (C)
LAND USE= 1 2 3 4 5 6 7 8
1 .420 .450 .170 0.000 .015 .015 .050 .100
2 .250 .015 .010 .003 .200 .200 .003 .005
SLOPE LENGTH 8Y LANO CAPABILITY CLASS(LCC) (DISTANCES 1N FEET
REGSEO
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
6 1 396 234 284 299
0 234 220 198
0 188 296 266
0
0
0
6 2 0 0 100 243 200 0 150 201 150 0 0 190 220 0
SLOPE (PERCENT) BY LAND CAPABILITY CLASS<LCC1
REGSEQ 1
2
3
4
5
6
7
8
9
10
11
12
13
1“
15
6 1 1.0 4.0 1.6 1.0 0.0 8.7 2.1 3.4 0.0 15.0 3.8 3.8 0.0 0.0 0.0
6 2 0.0 0.0 22.0 5.5 13.0 0.0 29.9 13.2 22.0 0.0 0.0 13.5 12.7 0.0
QAINFALL FACTOR R: 81.
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LCC= 2 79 76 77 0 79 65 71 70 50 51 93 79 66 61 79 62
LCC=
3 9
1 8
7 8
2
0 8
3 6
5 5
6 6
3 5
0 5
0 9
9 8
7 8
1 5
6 B
7 5
0
LCC=
4 8
5 8
6 8
5
0 8
4 7
7 8
0 8
3 5
0 5
0 8
7 8
3 7
4 5
9 8
3 6
8
LCC=
6 8
0 7
7 7
5
0 7
8 6
5 6
7 7
5 8
0 5
4 9
4 8
3 6
9 6
3 8
3 5
0
LCC= 7 80 84 77 0 74 64 74 77 62 52 93 81 66 62 81 50
LCC= 8 82 82 81 O 78 68 77 80 50 52 89 83 68 59 83 61
LCC= 10 85 86 80 0 70 75 72 78 50 59 92 85 69 65 85 50
LCC= 11 .88 78 ~78 0 66 67 71 66 0 52 92 82 66 58 82 50
LCC= 12 91 82 84 0 86 70 73 69 50 51 91 84 61 63 84 70
LCC= 15 0 0 0 0 0 0 0 0 0 0 0 79 0 0 79 0
LCC= 18 76 61 77 0 73 69 63 78 50 56 92 84 81 64 84 50
LCC=
19
88
0
92
0 5
6
78
68
58
0 5
1 1
00
84
66
55
84
50
LCC=
20
0 10
0 10
0
0
0
0
0
0
0
0 9
1 9
5
0
0 9
5
0
LCC= 22 63 0 100 0 60 55 60 0 0 58 97 86 70 61 86 50
LCC=
23
80 1
00
79
0 7
8 7
2 6
7 6
0 10
0 6
7 8
9 8
5 6
2 5
4 8
5 5
0
LCC= 24 0 0 0 0 0 0 0 0 0 0 0 85 0 0 85 0
LCC= 28 0 50 0 0 0 0 0 0 50 50 0 81 67 62 81 50
SOIL E9ODIBILITY INDEX BY LAND CAPABXLITY CLASS(LCC) (K)
LCC= 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 .37 .36 .36 .41 .00 .37 .33 .24 .00 .36 .17 .17 .00 .00 .17
2 .00 .00 .38 .17 .17 .00 .37 .17 .17 .00 .00 r00 .17 .00
COVER FACTOR BY LAND USE (C)
LAND USE= 1 2 3 4 5 6 7 8
1 .420 .450 .170 0.000 .015 .015 .050 .100
2 .250 .015 .010 .003 .200 .200 .003 .005
SLOPE LENGTH BY LAND CAPABILITY CLASS(LCC) (DISTANCES TN FEET
QEGSEQ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
8 1 234 196 300 243 0 169 281 315 0 150 277 250 0 0 275
8 2 0 0 100 250 216 0 106 209 100 0 0 0 182 0
SLOPE (PERCENT) BY LAND CAPABILITY CLASS(LCC)
REGSEQ 1 2 3 4 5 6 7 8 9 10 11 12 13 4 15
8 1 1.0 4.0 1.0 1.0 0.0 9.0 1.7 2.1 0.0 15.0 4.0 4.0 0.0 0.0 4.0
8 2 0.0 0.0 15.5 4.0 7.0 0.0 22.9 9.8 15.0 0.0 0.0 0.0 10.4 0.0
RAXNFALL FACTOR 9: 85. 1
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REGION: 9 ST. CLAIQ-DETDOIT
AREAS BY LAND USE AND LAND CAPABILITY CLASS(LCC) (ACRES X FACTOR X)
LCC X 1 2 3 4 5 6 7 R 9 10 11 12 13 14 15 16
1 1559713316839 06731 74022101562 545257619669610273511559055 122
2 10452311974069 06577110142031015 3571524 q29¢238120314403757 £7
3 12896 8343398 03414 6112611 731 364207815767063 68323695156 121
4 1001072 6&11161 01410 106 244 222 10 578 2261177 339 160103¢ 2S
6 101772 3561572 03103 5841111 354 1271346 8936674 630 9723794 68
7 101472 2131334 01111 2961123 365 179 663 5361413 #62 6841296 19
8 100 343 106 316 0 327 24 106 92 34 490 1801436 275 2001259 25
10 10 496 68 3‘4 0 714 243 447 201 32 701 4083532 10‘ 2273163 38
11 10 675 563 235 0 530 116 32“ 38 26 677 1521648 “‘2 23314‘1 33
12 10 54“ 121 63 0 283 0 59 56 0 576 1463296 126 3682856 67
18 10 351 33 248 0 652 151 527 159 3 856 3862119 10‘ #261631 23
19 1 657 0 31 0 196 0 133 283 0 913 552k709 265 03186 63
20 11349 0 0 0 0 0 0 899 0 0 0 0 0 0 0 0
22 10 43 20 56 0 183 142 57 0 0 545 5211413 118 25012‘1 18
23 1 661 0 735 0 686 193 266 201 0208510869618108521858765 146
23 1 0 0 0 0 0 0 0 0 0 0 550 0 0 ‘32 0 0
23 l 0 195 0 0 0 0 0 0 325 0 02355 355 971163 52
PRACTICE FACTOR BV LU AND LCC (DIVIDE BY 100)
LU: 1 2 3 k 5 6 7 B 9 10 11 12 13 14 15 16
LCC= 1 76 71 72 0 73 72 57 53 50 57 100 35 77 66 85 50
LCC= 2 65 68 71 0 68 62 67 65 63 50 55 83 71 65 83 55
LCC= 3 7b 78 73 0 69 63 62 70 50 50 96 37 78 65 37 52
LCC= 6 83 34 84 0 85 78 84 86 52 52 86 60 71 60 50 51
LCC= 6 66 68 69 0 65 S9 61 67 67 52 85 34 72 65 54 56
LCC= 7 75 82 75 0 76 63 58 74 55 51 30 34 70 64 54 53
LCC= 5 85 91 85 0 85 74 52 84 57 59 87 83 66 62 33 ‘3
LCC= 10 67 65 67 0 65 66 60 67 50 56 85 a“ 71 66 34 5“
LCC: 11 88 92 76 n 71 78 69 79 65 51 86 81 63 60 01 51
LCC= 12 93 94 83 O 96 0 75 89 0 50 93 79 69 55 79 51
LCC= 19 67 65 69 0 63 63 62 63 100 57 85 84 63 65 86 56
LCC= 19 92 0 73 O 61 0 63 56 0 50 100 a“ 70 0 33 50
LCC: 20 100 0 0 0 0 0 0 100 0 0 0 0 0 0 0 0
LCC= 22 70 35 68 0 61 57 60 0 0 59 81 55 59 6h 35 51
LCC= 23 95 0 95 0 92 50 57 36 0 57 97 84 75 62 B“ 50
LCC= 2‘ 0 0 0 0 0 0 0 0 0 0 100 0 0 75 0 0
LCC= 2A 0 50 0 0 0 0 0 0 50 0 0 73 71 75 78 50
SOIL EQOOIBILXTY INDEX HY LAND CAPABILITY CLASS(LCC) (K)
LCC= 1 2 3 4 5 6 7 3 9 10 11 12 13 1‘ 15
1 .37 .37 .36 .41 .00 .33 .32 .24 .00 .37 .17 .17 .00 .00 .00
2 .00 .00 .37 .17 .17 .00 .39 .17 .17 .00 .00 .00 .17 .00
COVER FACTOR BY LAND USE (C)
LAND USE: l 2 3 k 5 6 7 8
1 .420 .450 .170 0.000 .015 .015 .050 .100
2 .250 .015 .010 .003 .200 .200 .003 .005
SLOPE LENGTH BY LAND CAP‘BILITY CLASS(LCC) (DISTANCES 1N FEET
956550 1 2 3 4 5 6 7 8 Q 10 ll 12 13 I“ 15
9 1 200 200 300 238 0 175 300 307 0 150 250 250 0 0 0
9 2 0 0 100 250 175 0 100 193 151 0 0 0 175 0
SLOPE (FERCENT) BY LAND CApABILITY CLASS(LCC)
REGSEQ 1 2 3 Q 5 6 7 B 9 10 11 12 13 14 15
91 1.0 6.0 100 1.0 000 9.0 2-4 0.0 “In 5.0 00° 0.0 0.0
9 2 0.0 0.0 15.0 “.0 9.5 0.0 22.0 8.4 11.9 0.0 0.0 0.0 9.5 0.0
RAINFALL FACTOR R: 90.
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REGION: 11 SOUTHERN LAKE EPIE
AREAS BY LAND USE AND LAND CAPABILITY CLASS(LCC) (ACDES X FACTOR X)
LCC X 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 10 47 11 129 0 52 11 6 118 0 93 192 0 6 2021134 15
2 101533 3981133 015911038 735 298 12314161202 0147017864353 15
3 129141240 219 0 369 753 509 0 590 S48 41 0 4221011797 296
6 10 77k 796 797 0 8‘3 339 285 379 122 5891408 0 82516354191 194
6 10 687 693 71“ 0 993 571 956 234 144 7051301 0 809 9153367 190
7 1 452 0 0 0 0 202 0 74 177 424 0 0240738853621 0
8 100 47“ 371 327 0 802 201 326 238 30 562 “$3 0 541 5231798 75
10 10 269 133 299 0 407 526 316 213 16 368 620 0 811 6052411 112
11 1 01589 0 0 0 177 01495 296 513 0 0 0 01993 0
12 10 309 119 128 0 146 228 109 184 6 800 275 0 583 63h2939 23
16 1 0 Q 0 0 0 0 0 0 0 0 530 0 0 5332032 6
18 10 125 11 160 0 115 152 11 33 5 71 342 0 386 2861827 33
19 l 0 0 0 0 0 0 0 0 177 0 0 0 0 177 0 0
20 10 0 0 0 0 47 0 0 0 0 22 396 0 386 3721599 168
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PRACTICE FACTOR BY LU 0ND LCC (DIVIDE BY 100)
LU= l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
LCC= 1 82 100 70 0 90 61 61 97 0 68 80 0 57 80 90 53
LCC= 2 66 63 64 O 66 67 70 62 52 86 78 0 62 77 88 53
LCC= 3 78 50 50 O 51 50 50 0 50 83 100 0 60 83 90 53
LCC= 4 86 81 82 0 80 87 87 81 50 86 82 0 69 81 90 53
LCC= 6 7% 69 74 n 79 73 83 79 59 86 83 0 60 76 89 82
LCC: 7 62 0 0 0 0 50 0 50 50 50 0 0 61 75 93 0
LCC= 8 83 86 83 0 81 84 86 86 S6 82 85 0 67 79 91 63
LCC=
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6 5
2 9
5 7
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6 8
9 8
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LCC= 11 0 50 0 0 0 50 0 50 50 55 0 0 0 0 89 0
LCC= 12 89 92 98 0 95 93 70 93 100 97 83 0 63 76 90 9?
LCC: 16 0 0 0 0 0 0 0 0 0 0 93 0 0 91 86 50
LCC= IR 90 100 100 0 99 5? 100 100 75 95 96 0 64 81 91 51
LCC: 19 0 0 0 0 0 0 0 0 50 0 0 0 0 75 0 0
LCC= 20 0 0 0 0 100 0 0 0 0 100 95 0 58 71 89 81
LCC= 22 0 0 0 0 0 O 100 0 58 100 9b 0 67 80 90 71
LCC: 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 89 0
SOIL ERODIBILITY INDEX BY LAND CAPABILITY CLASS(LCC) (K)
LCC= 1 2 3 4 5 6 7 8 9 10 11 12 13 1‘ 15
1 .32 .32 .25 .21 .00 .34 .45 .33 .00 .35 .17 .22 .00 .00 .00
2 .27 .00 .39 .2“ .24 .00 .38 .26 .00 .00 .00 .00 .00 .00
COVER FACTOR BY LAND USE (C)
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1 .439 0‘50
2 .250 .015 .010 0.000 .200 .200 .003 .005
SLOPE LENGTH 8V LAND CADABILITY CLASS(LCC) (DISTANCES IN FEET
REGSEQ 1 2 3 6 5 6 7 8 9 10 11 12 13 14 15
11 l
586
372
195
178
0 1
39
283
235
0 1
23
200
331
0
0
0
11 2
457
0 1
‘9
300
298
0 2
00
300
0
0
0
0
0
0
SLOPE (PERCENT) BY LAND CAPABILITY CLAS§(LCC)
QEGSEG 1 2 3 4 5 6 7 8 9 10 11 12 13 16 15
ll 1 1.0 4.0 3.0 2.5 0.0 9.0 1.3 2.3 0.0 13.6 3.0 2.5 0.0 0.0 0.0
11 2 2.0 0.0 27.1 40.0 39.5 0.0 34.1 40.0 0.0 0.0 0.0 0.0 0.0 0.0
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REGION: 14 SOUTHEASTERN LAKE ONTAQIO
AREAS BY LAND USE AND LAND CAPABILITY CLASS(LCC) (ACRES X FACTOR X)
LCC X 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 101048 2831067 24 747 508 335 195 79 412 614 181 1751312 988 9
100 712 425 914 251126 538 233 238 109 223 450 205 259 6861314 26
 
3 10 147 385 65 0 308 874 28 171 47 50 337 604 372 4273906 12
4 100 403 295 464 16 459 300 227 167 212 219 321 254 131 4021618 15
6 100 158 40 209 4 433 228 229 58 32 202 333 224 96 1871443 4
7 10 157 192 124 0 181 366 64 163 47 153 386 483 110 5123275 141
8 100 328 388 449 5 590 410 193 232 63 312 508 502 155 7333209 88
10 100 134 44 199 0 216 242 113 66 72 144 305 248 75 1801566 6
11 10 37 96 87 0 38 157 36 117 0 180 202 544 26 3463491 414
12 10 867 8041098 01412 873 455 554 47118423221329 441203084991000
14 1 0 0 0 0 0 0 0 0 0 0 0 604 0 04700 0
15 1 0 0 0 0 0 0 0 0 234 0 352 604 0 05515 0
16 10 24 0 34 0 103 54 0 7 23 27 230 423 244 1512594 87
18 10 128 26 249 24 682 520 361 229 208 5871380 906 257 1785922 24
19 100 1 1 4 0 11 20 10 16 0 6 199 284 2 91815 9
20 1 0 29 0
22 10 34 13 46
23 10 44 3 92
24 10 29 132 70
27 10 0 0 60
28 1 0 0 0
0 176 80 0 0 0 0 0 0 0 445 414
78 105 19 73 133 345 8831148 116 5007373 48
9 93 244 8301390 75 5608771 204
35 12 32 34 0 73 150 302 12 3751771 201
47 40 236 0 1 74 634 544 39 3763487 232
0 0 0 133 0 0 152 604 035524070 281
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PRACTICE FACTOR BY LU AND LCC (DIVIDE BY 100)
LU= 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
LCC= 1 66 62 63 57 69 61 67 68 52 55 89 74 63 61 74 68
LCC= 2 77 76 76 77 79 77 77 78 67 59 84 76 65 62 76 57
LCC= 3 92 93 87 0 87 92 78 92 73 50 85 89 66 61 89 58
LCC= 4 79 77 80 69 81 79 81 84 78 56 86 82 65 62 82 55
LCC= 6 83 84 81 88 83 86 89 82 84 61 83 76 64 61 76 77
LCC= 7 87 87 80 0 86 87 84 87 79 61 85 83 65 58 83 52
LCC= 8 81 80 79 89 84 80 79 84 77 63 86 83 63 62 83 55
 
LCC= 10 81 80 80 0 83 80 80 86 73 60 83 79 63 60 79 71
Lcc=
11
77
88
89
0 64
63
80
91
0 50
86
83
61
60
83
56
LCC= 12 83 89 85 0 86 87 79 86 88 57 86 78 65 62 78 57
LCC= 14 0 0 0 0 0 0 0 0 0 0 0 86 0 0 86 0
LCC= 15 0 0 0 0 0 0 0 0 79 0 100 88 0 0 88 0
LCC= 16 91 0 78 0 100 71 0 100 89 50 95 78 65 61 78 57
LCC= 18 91 90 83 100 86 86 83 88 88 75 94 77 68 59 77 79
LCC= 19 86 86 84 0 84 83 85 81 0 50 92 83 60 56 83 52
LCC= 20 0 100 0 0 0 100 50 0 0 0 0 61 0 0 61 55
LCC= 22 98 83 93 0 92 81 50 100 93 89 95 75 60 62 75 75
LCC= 23 92 100 86 0 92 92 0 100 100 93 92 76 60 57 76 53
LCC= 24 76 96 100 0 96 97 50 100 0 76 94 72 63 57 72 51
LCC= 27 0 0 74 0 74 74 74 0 50 100 92 81 60 64 81 56
0
LCC= 28 0 0 0 0 0 0 100 0 0 100 90 0 59 90 50
SOIL ERODIBILITY INDEX BY LAND CAPABILITY CLASS(LCC) (K)
LCC= 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 .32 .32 .32 .18 .00 .29 .30 .17 .00 .30 .43 .17 .00 .21 .28
2 .25 .00 .29 .26 .23 .00 .29 .23 .20 .00 .00 .24 .23 .00
coven FACTOR av LAND use (C) 3
LAND USE: 1 2 3 4 S 6 7 8
1 .425 .450 .170 .300 .015 .015 .050 .100 1
2 .250 .015 .010 .003 .200 .200 .003 .005 I
SLOPE LENGTH BY LAND CAPABILITY CLA$S(LCC) (DISTANCES IN FEET
REGSEQ 1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
i
14 1 586 203 201 275 0 264 214 153 0 243 212 152 0 240 100 I
14 2 168 0 200 116 164 0 200 132 160 0 0 91 118 0
SLOPE (PERCENT) BY LAND CAPABILITY CLA5$(LCC)
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REGION: 15
AREAS BY LAND USE AND LAND CAPABILITY CLASS(L
LCC X 1 2 3 4 5 6 7
1 1 686 951 117 02705 989 35
2 101144 35 906 052901431 237
3 l 0 0 0 0 145 650 916
4 10 192 9 268 0 439 230 39
6 10 490 6 265 01582 598 91
7 10 94 1 133 0 376 360 96
8 100 64 1 95 0 383 136 59
10 10 226 4 206 0 576 177 101
11 10 25 0 60 0 46 26 26
12 10 182 1 359 01032 580 62
16 10 0 0 40 0 40 0 2
18 1 24 12 19 0 165 244 482
19 100 0 0 3 O 15 11 0
20 1 0 0 0 0 0 0 20
22 10 2 0 0 0 12 7 5
23 100 7 0 6 0 11 29 0
24 10 15 7 0 O 30 21 49
27 10 O 0 91 0 70 60 354
28 1 0 0 0 0 0 0 0
PRACTICE FACTOR 8V LU AND LCC (DIVIDE BY 100)
LU: 1 2 3 4 5 6 7
LCC= 1 72 72 72 0 69 72 72
LCC= 2 73 81 72 0 72 73 72
LCC= 3 0 0 0 0 82 85 75
LCC= 4 80 63 78 0 81 80 69
LCC= 6 79 85 85 0 78 77 74
LCC= 7 88 90 88 0 89 87 85
LCC= 8 86 82 86 0 86 86 86
LCC= 10 82 90 83 0 80 82 80
LCC= 11 50 0 90 O 82 87 87
LCC= 12 92 69 94 0 94 95 94
LCC= 16 0 0 67 0 94 0 75
LCC= 18 90 90 90 0 90 99 53
LCC= 19 66 86 83 0 84 83 86
LCC= 20 0 0 0 0 0 0 50
LCC= 22 100 0 0 0 64 100 56
LCC= 23 92 0 92 O 86 86 0
LCCz 24 96 88 0 0 100 100 50
LCC= 27 0 0 74 0 74 74 74
LCC= 28 0 0 0 0 0 0 0
SOIL ERODIBILITY
LCC= 1 2 3 4 5 6
1 .32 .31 .26 .24 .00 .27 .27 .17 .00 .33 .28 .17 .00
2 .21 .00 .24 .21 .23 .00 .24 .24 .27 .00 .00 .
COVER FACTOR BY LAND USE (C1
LAND USE: 1 2 3 4 5 6
1 I447 0‘450 .170
2 .250 .015 .010 0.000 .200 .200
SLOPE LENGTH BY LAND CAPABILITY CLASS(LCC) (DISTANCES IN FEET
“EGSEQ 1 2 3 4 5 6 7 8 9 10 11 12
15 1 586 242 275 289 0 191 213 232 0 182 294 179
15 2 211 0 200 179 125 0 152 173 136 0 O 98
SLOPE (DERCENT) BY LAND CAPABILITY CLASS(LCC)
REGSEQ 1 2 3 4 5 6 7 8 9 10 11 12
15 1 1.0 5.0 3.6 3.8 0.0 10.5 1.1 “.4 0.0 19.0 2.3 10.7
15 2 8.0 0.0 27.7 10.0 7.0 0.0 35.2 10.4 6.9 0.0 0.0 20.8
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APPENDIX B
NONPOINT CALCULATOR RESULTS FOR CANADIAN PORTION OF BASIN
 
 
 
NON POINT CALCULATOR
MIDWEST RESEARCH INSTITUTE
21 NOVEMBER 1977 VERSION
NAME OF BASIN: GREAT LAKES (CANADA)
POLLUTANT SOURCES TO CONSIDER
 
EROSION YES
URBAN RUNOFF YES
FEEDLOTS NO
LANDFILL N0
IRRIGATION RETURN FLOH N0
ACID MINE DRAINAGE N0
CONTROL INFORMATION
NUNBER OF EVENTS 1
NUMBER OF REGIONS = 12.
  
GLOSSARY
LAND USES
01 ORCHARDSo HORTICULTURF
02 CROPLAND
O3 IMPROVED PASTURE
04 UNIMPROVED PASTUWE
05 FOREST
06 MARSH AND SWAMP
07 BARREN
LAND CAPABILITY CLASSES
01 NO LIMITATIONS
02 MODERATE LIMITATIONS
O3 MODERATELY SEVERE LI“ITATIONS
04 SEVERE LIMITATIONS
05 VERY SEVERE LIMITATIONS
06 PERENNIAL CROPS ONLY
07 NOT CAPABLE FOR CROP USE OR PASTURE
B-Z
 REGION: 1 KAHINISTIKHIA. CANADA
AREAS BY LAND USE AND LAND CAPABILITY CLASS(LCC) (ACRES X FACTOR "X")
LCC X 1 2 3 4 S 6 7
3 101 20 3A 871 1049905 0 0 -0 -0 '0 -0 '0 '0 -0 '0 -0
7 109 0 0 0 09929 79 0 -0 -0 '0 -0 ‘0 ‘0 -0 -0 -0
PRACTICE FACTOR BY LU AND LCC (DIVIDE BY 100) '
LU= l 2 3 A S 6 7 .
LCC= 3 100 100 100 100 100 0 0 -0 -0 '0 '0 '0 '0 -0 '0 -0
LCC= 7 0 0 0 0 100 0 0 -0 -0 -0 -0 '0 '0 -0 -0 -0
SOIL ERODXBILITY INDEX BY LAND CAPABILITY CLA§S(LCC) (K)
LCC= l 2 3 4 S 6 7
1 .00 .00 .40 .00 .00 .00 .15 .00 .00 .00 .00 .00 .00 .00 .00
° .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
COVER FACTOR BY LAND USE (C)
LAND USE3 1 2 3 6 5 6 7 8
1 .100 .300 .015 .008 .003 .500 1.000 -0.000
’-0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000
SLOPE LENGTH BY LAND CAPABILITY CLASS(LCC) (DISTANCES IN FEET)
REGSEQ 1 2 3 b S 6 7
1 1 0 0 600 0 0 0 #00 ‘0 ‘0 ‘0 ‘0 '0 ‘0 ‘0 '0
-o-o -o -o -0 e0 -0 -o -o -o -o -o -o ~o -o -o
SLOPE (DERCENT) BY LAND CAPABILITY CLASS‘LCC) “
REGSEQ 1 2 3 4 S 6 7
1 1 0.0 0.0 4.0 0.0 0-0 0-0 3.0 ’0-0 '0.0 -o.0 ‘000 -0.0 -0.0 '0.0 -0.0
‘0‘0‘000 '0.0 '0.0 ‘0.0 -0.0 '0-0 '0.0 ‘0.0 -0.0 ‘0.0 -0.0 ‘0.0 '0.0 -0.0
RAINFALL FACTOH P: 75.
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 REGION= 3 MICHIPICOTEN. CANADA
AREAS BY LAND USE AND LAND CAPABILITY CLASS(LCC) (ACRES X FACTOP X)
LCC X 1 2 3 4 5 6 7
7 669 0 0 17 89978 A 59 -0 -0 '0 '0 '0 '0 -0 '0 -0
PRACTICE FACTOR BY LU AND LCC (DIVIDE BY 100)
LU= l 2 3 4 5 6 7 .
LCC= 7 0 0 100 100 100 0 0 -0 -0 -0 -0 -0 '0 -0 -0 00
SOIL EﬁOOIBILITY UNDEX BY LAND CADABILITY CLASS‘LCC) (K)
LCC= l 2 3 4 5 6 7 .
1 .00 .00 .00 .00 .00 .00 .15 .00 .00 .00 .00 .00 .00 .00 .00
° .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
covsn FACTOR av LAND use (C)
LAND use: 1 2 3 . s 6 7 . a
1 0.000 0.000 .015 .ooa .003 .500 1.000 -o.ooo
o-o.ooo -o.ooo -o.ooo -o.ooo ~o.ooo -o.ooo -o.ooo -o.ooo
SLOPE LENGTH BY LAND CAPABILITY CLASS(LCC) (DISTANCES IN FEET)
REGSEQ 1 2 3 6 5 6 7
3 1 0 0 0 0 0 0 A00 -0 -0 '0 ’0 -0 -0 -0 -0
-0-0 ‘0 -0 '0 '0 '0 '0 -0 -0 -0 -0 -0 -0 '0 -0
SLOPE (PEPCENT) BY LAND CAPABILITY CLASS(LCC) 'f
REGSEQ l 2 3 4 5 6 7
3 1 0.0 0.0 0-0 000 0.0 000 9.0 -000 ‘000 ‘000 ‘000 ‘OQO -000 -000 -°.0
~0-0-0.0 -0.0 -0.0 -0.0 -0.0 ~0.0 -0.0 -0.0 ~0.0 -0.0 -0.0 -0.0 -0.0 ~0.0
RAINFALL FACTOR R: 6%. 1
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FRACIION OF LAND AREA BY LAND USE AND LAND CAPABILIIY CLASS
REGION: 3
LCC
LAND USE
I 2 3 ‘ S 6 7 0 9 10 ll 12 I3 IA 15 16
7 0.000 0.000 .00? .00] .99] .000 .006 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 [.000
0.000 0.000 .002 .001 .991 .000 .006 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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LCC X 1 2 3 4 S 6 7
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FACTOR
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SOIL LOSS (TON/ACRE/YEAR1 BY LAND USE AND LAND CAPABILITY CLASS
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REGION: 7 HURON. CANADA
AREAS BY LAND USE AND LAND CAPABILITY CLASS(LCC) (ACRES X FACTOR X)
LCC X 1 2 3 4 5 6 7
l 109 437408993613085726 8 5 -0 '0 '0 '0 -0 '0 -0 '0 -0
PRACTICE FACTOR BY LU AND LCC (DIVIDE BY 100)
LU= 1 2 3 4 S 6 7
LCCS 1 100 100 100 100 100 0 0 -0 —0 -0 -0 -0 -0 -0 -0 -0
SOIL EPOOIBILITY UNDEX BY LAND CAPABILITY CLASS(LCC) (K)
LCC= I 2 3 A S 6 7
I .35 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
9 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
COVER FACTOR BY LAND USE (C)
LAND USE= 1 2 3 4 S 6 7 R
1 .100 .300 .015 .003 .003 .500 1.000 -o.ooo
o-o.000 -0.000 -o.ooo -o.0oo -o.000 -0.0oo -o.ooo -o.ooo
SLOPE LENGTH BY LAND CAPABILITY CLASS(LCC) (DISTANCES IN FEET)
REGSEQ 1 2 3 s 5 6 7
7 1 400 0 0 0 0 0 0 -o -0 -0 -o . -o -o -0 -0
-o-o -0 -0 -0 .0 -o -o -0 -0 -o -0 -0 -0 -o -o
SLOPE (PERCENT) BY LAND CAPABILITY CLASS(LCC)
REGSEQ l 2 3 b 5 6 7
7 1 4.0 0.0 0.0 0.0 0.0 0.0 0.0 -0.0 -0.0 -0.0 -0.0 -0.0 '0.0 -0.0 -0.0
‘0‘0'0-0 ‘000 '0-0 '000 '000 ‘0-0 -0.0 ‘000 ’0.0 “0.0 ‘000 '0.0 -000 “0.0
RAINFALL FACTOR 9: 75.
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FRACTXON 0F SOIL LOSS BY LAND USE AND LAND CAPARILITY CLASS
REGION: 7
LCC
LAND USE
l 2 3 4 5 6 7 8 9 10 ll l2 l3 I4 15 )6
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FRACTXON OF LAND AREA BY LAND USE AND LAND CAPABILITY CLASS
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LAND USE
l 2 3 4 5 6 1 8 9 10 1] l2 13 14 15 16
l .002 .303 .407 .054 .734 .000 .000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000
.002 .303 .407 .054 .P34 .000 .000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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